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(54) ANALOG/DIGITAL CONVERTER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a pipeline type 
analog/digital (A/D) converter circuit in which a change 
in the voltage range of an analog input signal or change 
of an input system between a differential double end 
input and a single end input can be easily performed 
without redesigning a circuit configuration. 
SOLUTION: When the voltage range of the analog input 
signal is VINp-p, the full scale range of a sub A/D 
converter 9 is switched to VINp-p, and the gain of an 
operational amplifier circuit 11a is switched into single. 
When the voltage range of the analog input signal is 
VINp-p/2, the full scale range of the sub A/D converter 
9 is switched to VINp-p/2 and the gain of the 
operational amplifier circuit 11a is switched into double. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An anaiog-to-digital circuit comprising: 

An analog-digital converter which has the multi stage pipeline constitution which consists of two 
or more steps of circuits and from which a circuit of each stage except a circuit of a final stage 
changes an inputted analog signal into a digital signal. 

A digital-to-analog converter which changes into an analog signal a digital signal outputted from 
said analog-digital converter. 

Have the 1st arithmetic amplifier that amplifies difference of an analog signal inputted and an 
analog signal outputted from said digital-to-analog converter, and a circuit of a final stage, An 
analog-digital converter which changes an inputted analog signal into a digital signal is included, 
An analog-digital converter which has a switching means from which at least one step of circuit 
except a circuit of a final stage changes a full-scale range to two or more steps, At least one of 
the 1 st arithmetic amplifiers that have a switching means which changes a digital-to-analog 
converter and a profit which have a switching means which changes a full-scale range to two or 
more steps to two or more steps is included, And/or, an analog-digital converter which has a 
switching means from which a circuit of a final stage changes a full-scale range to two or more 
steps. 

[Claim 2]A circuit of each stage except a circuit of a final stage includes further the 2nd 
arithmetic amplifier that amplifies an inputted analog signal and is given to said 1st arithmetic 
amplifier, The analog-to-digital circuit according to claim 1 , wherein said 2nd arithmetic amplifier 
of at least one step of circuit except a circuit of a final stage has a switching means which 
changes a profit to two or more steps. 

[Claim 3]The analog-to-digital circuit according to claim 1 or 2, wherein said 1 st arithmetic 
amplifier of at least one step of circuit except a circuit of a final stage has a switching means 
which changes a profit to two or more steps. 

[Claim 4]The analog-to-digital circuit according to any one of claims 1 to 3, wherein said analog- 
digital converter of at least one step of circuit has a switching means which changes a full-scale 
range to two or more steps. 

[Claim 5]The analog-to-digital circuit according to any one of claims 1 to 4, wherein said digital- 
to-analog converter of at least one step of circuit except a circuit of a final stage has a 
switching means which changes a full-scale range to two or more steps. 
[Claim 6]Said 2nd arithmetic amplifier of at least one step of said circuit, On a profit which 
becomes settled with a value of said input capacitance, and a value of said feedback capacity, 
have input capacitance, feedback capacity, and an operational amplifier, amplify an inputted 
analog signal, and said switching means, The analog-to-digital circuit according to claim 2 
containing a variable region which sets either [ at least ] a value of said input capacitance, or a 
value of said feedback capacity as variable. 

[Claim 7]The analog-to-digital circuit according to claim 6, wherein said variable region contains 
a switch part changed to a state or the state where it connected too hastily where a part of said 
input capacitance or said feedback capacity was separated. 
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[Claim 8]Said 1st arithmetic amplifier of at least one step of said circuit, On a profit which 
becomes settled with a value of said input capacitance, and a value of said feedback capacity, 
have input capacitance, feedback capacity, and an operational amplifier, amplify an inputted 
analog signal, and said switching means, The analog-to-digital circuit according to claim 3 
containing a variable region which sets either [ at least ] a value of said input capacitance, or a 
value of said feedback capacity as variable. 

[Claim 9]The analog-to-digital circuit according to claim 8, wherein said variable region contains 
a switch part changed to a state or the state where it connected too hastily where a part of said 
input capacitance or said feedback capacity was separated. 

[Claim 10]The analog-to-digital circuit according to claim 9 characterized by connecting said 
switch part to said 2nd capacity in series or in parallel including the 1st and 2nd capacity by 
which said feedback capacity was provided in parallel or in series between an input terminal of 
said operational amplifier, and an output terminal. 

[Claim 11]The analog-to-digital circuit according to claim 10, wherein said switch part is 
connected to an output terminal of said operational amplifier. 

[Claim 12]The analog-to-digital circuit according to claim 9 characterized by connecting said 
switch part to said 2nd capacity in series or in parallel including the 1st and 2nd capacity by 
which said input capacitance was provided in an input terminal of said operational amplifier in 
parallel or in series. 

[Claim 13]The analog-to-digital circuit according to claim 12 connecting to an input side of said 
2nd capacity before said switch part. 

[Claim 14]The analog-to-digital circuit comprising according to claim 4: 

Circuit generating reference voltage where said analog-digital converter of at least one step of 
circuit generates two or more reference voltage. 

A variable region which sets as variable two or more reference voltage in which said switching 
means is generated by said circuit generating reference voltage including two or more 
comparators compared with an analog signal into which two or more reference voltage generated 
by said circuit generating reference voltage was inputted. 

[Claim 1 5]The analog-to-digital circuit comprising according to claim 5: 

Circuit generating reference voltage where said digital-to-analog converter of at least one step 
of circuit except a circuit of a final stage generates reference voltage. 
Two or more capacity connected to a common terminal. 

Two or more switches which give reference voltage which was connected between said circuit 
generating reference voltage and said two or more capacity, and was generated by said circuit 
generating reference voltage according to a digital signal inputted to said two or more capacity, 
respectively are included, A variable region which sets as variable reference voltage in which said 
switching means is generated by said circuit generating reference voltage. 



[Translation done.] 
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the full-scale range of sub A/D converter 9 ] p _ p twice many / 4 in order to take consistency 

with the output voltage range of the arithmetic amplifier 1 1 which has the profit 2. 
[0010]Next, operation of the analog-to-digital circuit 1 of drawing 23 is explained. The sample 
hold circuit 2 samples the analog input signal Vin, and carries out fixed time maintenance. The 
analog input signal Vin outputted from the sample hold circuit 2 is transmitted to the 1st step of 
circuit 3. 

[001 1]In the 1 st step of circuit 3, sub A/D converter 9 performs an analog to digital to the 
analog input signal Vin of voltage range VIN p _ p . Here, the full-scale range of sub A/D converter 

9 is VIN as mentioned above. The digital output (2 9 , 2 8 , 2 1 , 2 6 ) which is an analog-to-digital 
result of sub A/D converter 9 is transmitted to the output circuit 8 via the four latch circuitry 7 
while it is transmitted to D/A converter 10. The normal output voltage range of D/A converter 

10 is expressed like a following formula. 
[0012] 

(The 1st step of resolution-1) x(full-scale range of D/A converter 10)/(the 1st step of 
resolution) 

= (2 4 -1) x (VIN _ ) / 2 4 =15VIN /16 one side and the arithmetic amplifier 1 1 sample the 
analog input signal Vin, and amplify and hold it. The output voltage range of the arithmetic 
amplifier 1 1 is expressed like a following formula. 
[0013] 

(Voltage range VIN of the analog input signal Vin) x (profit of the arithmetic amplifier 1 1 ) 

= The VIN x1 =VIN subtraction amplifier 14 subtracts and amplifies the analog input signal 

p - p P"P , 

Vin and the D/A conversion result of D/A converter 10 which were outputted from the 

arithmetic amplifier 11. The output of the subtraction amplification width circuit 14 is transmitted 
to the 2nd step of circuit 4. The output voltage range of the 1st step of subtraction amplifier 14 
is expressed like a following formula. 

[0014] ir _ A 
(Output voltage range of the arithmetic amplifier 1 1) x (- (normal output voltage range of D/A 

converter 10)) (profit of the subtraction amplifier 14) 

= (VIN ) (- (1 5VIN /1 6)) In the x2 =VIN /82 step circuit 4, sub A/D converter 9 performs 

P — P P~"P * P P 

an A/D conversion to the output of the subtraction amplifier 14 of the 1st step of circuit 3. The 
A/D conversion result of sub A/D converter 9 is transmitted to the output circuit 8 via the 
three latch circuitry 7 while it is transmitted to D/A converter lO.Thereby, a 2-bit digital output 
(2 5 , 2 4 ) is obtained at least for Nakagami from the 2nd step of circuit 4. The normal output 
voltage range of D/A converter 10 is expressed like a following formula. 
[0015] 

(The 2nd step of resolution-1) x(full-scale range of D/A converter 10)/(the 2nd step of 
resolution) 

= (2 2 -1) x (VIN _ /4) / 2 2 =3VIN /16 one side and the arithmetic amplifier 1 1 amplify the 
output of the arithmetic amplifier 13 of the 1st step of circuit 3. The output voltage range of the 
arithmetic amplifier 1 1 is expressed like a following formula. 
[0016] 

(Output voltage range of the 1 st step of subtraction amplifier 14) x (profit of the arithmetic 
amplifier 11) 

= (VIN _ /8) The x2 =VIN /4 subtraction amplifier 14 subtracts and amplifies the output of the 
arithmetic amplifier 1 1, and the D/A conversion result of D/A converter 10. The output of the 
subtraction amplifier 1 4 is transmitted to the 3rd step of circuit 5. The range of the output 
voltage of the 2nd step of subtraction amplifier 14 is expressed like a following formula. 

[0017] 

(Output voltage range of the arithmetic amplifier 1 1) x (- (normal output voltage range of D/A 
converter 10)) (profit of the subtraction amplifier 14) 
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= (VIN /4) (- (3VIN /1 6)) In the x2 =VIN /83 step circuit 5, the same operation as the 2nd 
p-p p— p p~p 

step of circuit 4 is performed to the output of the subtraction amplifier 14 of the 2nd step of 
circuit 3. Thereby, a 2-bit digital output (2 3 , 2 2 ) is obtained at least for Nakashita from the 3rd 
step of circuit 5. The output voltage range of each part is the same as that of the 2nd step of 
circuit 4. 

[001 8]In the 4th step of circuit 6, sub A/D converter 9 performs an A/D conversion to the 
output of the subtraction amplifier 14 of the 3rd step of circuit 5, and the digital output (2,2) 
of 2 bits of low ranks is obtained. 

[0019]The digital output of the 1st step - the 4th step of circuits 3-6 arrives at the output 
circuit 8 simultaneously through each latch circuitry 7. That is, each latch circuitry 7 is formed in 
order to take the synchronization of the digital output of each circuits 3-6. 

[0020]The output circuit 8 carries out the after [ a digital compensation process ] parallel output 
of the 10-bit digital output Dout of the analog input signal Vin, when required. 
[0021]Thus, even if the conversion number of bits increases and LSB (Least Significant Bit) 
becomes small with reduction in power supply voltage, the resolution of sub A/D converter 9 can 
be raised and sufficient conversion precision is acquired. 

r0022l Drawing 24 (a) is a figure for the circuit diagram and drawing 24 (b) in which the 
composition of the subtraction amplifier of the analog-to-digital circuit of drawing 23 is shown to 
explain operation of the subtraction amplifier of drawing 24 (a). 

[0023]In drawing 24 , the inversed input terminal of the operational amplifier 101 is connected to 
the node nb, and the non-inversed input terminal is grounded. The output terminal of the 
operational amplifier 101 is connected to the inversed input terminal via the capacitor 102 while 
being connected to the node no. Switch SW1 is connected between the inversed input terminal 
of the operational amplifier 1, and a non-inversed input terminal, and the capacitor 103 is 
connected between the node nb and the node na. It is connected to the node n1 via switch SW2, 
and the node na is connected to the node n2 via switch SW3. These switch SW2 and SW3 are 
constituted by the CMOS switch which usually consists of a CMOS (complementary-type metal 
oxide semiconductor) field effect transistor. 

[0024]Voltage V. is inputted into the node n1, voltage V 2 is inputted into the node n2, and 
voltage V Q is outputted from the node no. 

[0025]Here, operation of the subtraction amplifier of drawing 24 (a) is explained, referring to 
drawing 24 (b). Capacity value of the capacitor 101 is set to C, capacity value of the capacitor 
103 is set to KC, and earth potentials are made into V Q . K is a constant. 

[0026]First, switch SW1 and switch SW2 are made one, and switch SW3 is turned OFF. Thereby, 
the voltage of the node na serves as V,. The voltage of the node no is set to 0. At this time, the 

electric charge Qa of the node nb becomes like a following formula. 

[0027]After turning OFF Qa^VQ-V,) KC, next switch SW1. switch SW2 is turned OFF and 
switch SW3 is made one. Thereby, the voltage of the node na serves as V 2 . The voltage of the 
node no serves as V Q . In order to carry out the imaginary earth of the node nb at this time, the 
electric charge Qb of the node nb becomes like a following formula. 

[0028] . _ 

Since there is no course out of which an electric charge escapes from and comes in the Qb- 
(V -VJ KC+CV^-V^) C node nb, it becomes Qa=Qb with conservation of charge. Therefore, a 

following formula is materialized. 

[00293CVQ-VP Voltage V Q of a KC=(V Q -V 2 ) KC+(V Q -V 0 ) C top type to the node no becomes 
like a following formula. 

[0030] Voltage V 2 is subtracted from V 0 =V Q +(V r V 2 ) K, thus voltage V v and the subtraction 
value is amplified K times. 

[0031]Therefore, a subtraction amplifier has a function which outputs the difference of voltage 
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V t and voltage V 2 by the profit decided by the capacity factor of the capacitor 103 and the 
capacitor 102. For example, a sample hold function 1 time the profit of this will be given to a 
subtraction amplifier by setting it as KC=C (K= 1). 

r0032l Drawing 25 is a figure showing the composition of the sub A/D converter used in the 
analog-to-digital circuit of drawing 23 . 

[0033]Two or more comparators 900 are arranged in the parallel connected type analog-digital 
converter 9 of drawing 25 . The analog input voltage Vin is given to one input terminal of two or 
more comparators 900, and the reference voltage obtained by carrying out the partial pressure 
of the voltage between the high potential side reference voltage VRT and the low voltage side 
reference voltage VRB to the input terminal of another side by two or more resistance R is 
given, respectively. Each comparator 900 compares the voltage of one input terminal with the 
voltage of the input terminal of another side. The digital code Dcode can be obtained by 
encoding the comparison result of two or more comparators 900 with the encoder 910. 
[0034]By the way, when the voltage range of the analog input signal given to an analog-to-digital 
circuit is changed, Or to change the method of the analog input signal given to an analog-to- 
digital circuit in a differential double end input and a single-ended input, it is necessary to 
change the specification of an analog-to-digital circuit. 

[0035]Here, a differential double end input and a single-ended input are explained. Drawing 26 (a) 
and (b) is a figure for explaining the analog to digital in a differential double end input and a 
single-ended input. A horizontal axis shows the analog input voltage VIN, and a vertical axis 
shows the outputted digital code Dcode. 

[0036]As shown in drawing 26 (a), at the time of a differential double end input, the right side 
analog input voltage Vin (+) and the negative side analog input voltage Vin (-) of the analog input 
signal Vin change complementarily. Thereby, the difference of the right side analog input voltage 
Vin (+) and the negative side analog input voltage Vin (-) serves as voltage range VIN p _ p of the 

analog input signal Vin. 

[0037]Therefore, as shown in drawing 26 (a), the right side analog input voltage Vin (+) changes 
from 1.0V in 2.0, When the negative side analog input voltage Vin (-) changes in 2.0V to 1.0V, the 
voltage range of the analog input signal Vin is set to 2.0V from the operation of Vin(+)-Vin (-). 
[0038]On the other hand, as shown in drawing 26 (b), at the time of a single-ended input, the 
right side analog input voltage Vin (+) changes. Thereby, the voltage range of the right side 
analog input voltage Vin (+) turns into a voltage range of the analog input signal Vin. 
[0039]Therefore. as shown in drawing 26 (b), when the right side analog input voltage Vin (+) 
changes in 1 .0V to 2.0V, the voltage range of an analog input signal is set to 1 .0V. 
[0040]That is, if the voltage range of the analog input signal Vin of a differential double end input 
method is made into 2VIN _ , the voltage range of the analog input signal Vin of a single-ended 

input method will serve as VIN p _ p . 

[0041]Thus, with a differential double end input method and a single-ended input method, even if 
the range of change of each analog input voltage is the same, the voltage ranges of an analog 
input signal will differ. 

[0042]In the above-mentioned conventional analog-to-digital circuit, when changing the voltage 
range of an analog input signal, or when changing the input method of an analog input signal, it is 
necessary to redesign circuitry. 

[0043]The purpose of this invention is to provide the pipeline type analog-to-digital circuit which 
can change the input method between change of the voltage range of an analog input signal or a 
differential double end input, and a single-ended input easily without redesigning circuitry. 
[0044] 

[The means for solving a technical problem and an effect of the invention] (1) The analog-to- 
digital circuit concerning the 1 st invention invention of the 1 st, Have the multi stage pipeline 
constitution which consists of two or more steps of circuits, and the circuit of each stage 
except the circuit of a final stage, The analog-digital converter which changes the inputted 
analog signal into a digital signal, The digital-to-analog converter which changes into an analog 
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signal the digital signal outputted from an analog-digital converter, Have the 1st arithmetic 
amplifier that amplifies the difference of the analog signal inputted and the analog signal 
outputted from a digital-to-analog converter, and the circuit of a final stage, The analog-digital 
converter which changes the inputted analog signal into a digital signal is included, The analog- 
digital converter which has a switching means from which at least one step of circuit except the 
circuit of a final stage changes a full-scale range to two or more steps, At least one of the 1st 
arithmetic amplifiers that have a switching means which changes the digital-to-analog converter 
and profit which have a switching means which changes a full-scale range to two or more steps 
to two or more steps is included, And/or, the circuit of a final stage contains the analog-digital 
converter which has a switching means which changes a full-scale range to two or more steps. 
[0045]In an analog-to-digital circuit concerning this invention, An analog-digital converter which 
has a switching means from which at least one step of circuit except a circuit of a final stage 
changes a full-scale range to two or more steps. At least one of the 1st arithmetic amplifiers 
that have a switching means which changes a digital-to-analog converter and a profit which have 
a switching means which changes a full-scale range to two or more steps, and to change to two 
or more steps is included, And/or, since a circuit of a final stage contains an analog-digital 
converter which has a switching means which changes a full-scale range to two or more steps, 
At least one of a full-scale range of an analog-to-digital circuit, a full-scale range of a digital-to- 
analog converter, and profits of the 1st arithmetic amplifier can be changed. 
[0046] Redesign of circuitry becomes unnecessary even if a voltage range of an analog input 
signal is changed by that cause by changing a differential double end input method into a single- 
ended input method. Redesign of circuitry becomes unnecessary, when changing a voltage range 
of an analog input signal of a single-ended input, or also when changing a voltage range of an 
analog input signal of a differential double end input. 

[0047]Therefore, an input method between change of a voltage range of an analog input signal or 
a differential double end input, and a single-ended input can be changed easily, without 
redesigning circuitry. 

[0048]As a result, while being able to attain shortening of a development cycle of an analog-to- 
digital circuit, low power consumption can be easily performed by optimizing optimization of a 
voltage range. 

[0049](2) An analog-to-digital circuit concerning the 2nd invention invention of the 2nd, In 
composition of an analog-to-digital circuit concerning the 1st invention, a circuit of each stage 
except a circuit of a final stage, The 2nd arithmetic amplifier of at least one step of circuit 
except a circuit of a final stage has a switching means which changes a profit to two or more 
steps, including further the 2nd arithmetic amplifier that amplifies an inputted analog signal and is 
given to the 1st arithmetic amplifier. 

[0050]In this case, by changing a profit of the 2nd arithmetic amplifier of at least one step of 
circuit to two or more steps, It becomes possible to change an input method between change of 
a voltage range of an analog input signal or a differential double end input, and a single-ended 
input easily, without redesigning circuitry. 

[0051](3) In composition of an analog-to-digital circuit which an analog-to-digital circuit 
concerning the 3rd invention invention of the 3rd requires for the 1st or 2nd invention, the 1st 
arithmetic amplifier of at least one step of circuit except a circuit of a final stage has a switching 
means which changes a profit to two or more steps. 

[0052]In this case, by changing a profit of the 1st arithmetic amplifier of at least one step of 
circuit to two or more steps, It becomes possible to change an input method between change of 
a voltage range of an analog input signal or a differential double end input, and a single-ended 
input easily, without redesigning circuitry. 

[0053](4) An analog-to-digital circuit concerning the 4th invention invention of the 4th, In 
composition of an analog-to-digital circuit concerning the 1st - the 3rd one of inventions, an 
analog-digital converter of at least one step of circuit has a switching means which changes a 
full-scale range to two or more steps. 

[0054]In this case, a full-scale range of an analog-digital converter of at least one step of circuit 
to two or more steps by switchable ******. It becomes possible to change an input method 
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between change of a voltage range of an analog input signal or a differential double end input, 
and a single-ended input easily, without redesigning circuitry. 

[0055](5) An analog-to-digital circuit concerning the 5th invention invention of the 5th, In 
composition of an analog-to-digital circuit concerning the 1 st - the 4th one of inventions, a 
digital-to-analog converter of at least one step of circuit except a circuit of a final stage has a 
switching means which changes a full-scale range to two or more steps. 

[0056]In this case, by changing a full-scale range of a digital-to-analog converter of at least one 
step of circuit to two or more steps, It becomes possible to change an input method between 
change of a voltage range of an analog input signal or a differential double end input, and a 
single-ended input easily, without redesigning circuitry. 

[0057](6) An analog-to-digital circuit concerning the 6th invention invention of the 6th, In 
composition of an analog-to-digital circuit concerning the 2nd invention, the 2nd anthmet.c 
amplifier of at least one step of circuit, It has input capacitance, feedback capacity, and an 
operational amplifier, an inputted analog signal is amplified on a profit which becomes settled with 
a value of input capacitance, and a value of feedback capacity, and a switching means contains a 
variable region which sets either [ at least ] a value of input capacitance, or a value of feedback 

capacity as variable. . . , , A . . j . t L „ 

[0058]In this case, an inputted analog signal is amplified on a profit which becomes settled with a 
value of input capacitance, and a value of feedback capacity. Therefore a profit of the 2nd 
arithmetic amplifier can be easily changed by changing either [ at least ] a value of input 
capacitance of an operational amplifier, or a value of feedback capacity. 

[0059](7) In composition of an analog-to-digital circuit which requires an analog-to-digital circuit 
concerning invention the 7th invention of the 7th for the 6th invention, a variable region contains 
a switch part changed to a state or the state where it connected too hastily where a part of 
input capacitance or feedback capacity was separated. 

[0060]In this case, input capacitance or feedback capacity of an operational amplifier can be 
changed by changing to a state or the state where it connected too hastily where a part of input 
capacitance or feedback capacity was separated by switch part. Thereby, a profit of the 2nd 
arithmetic amplifier can be changed easily. 

[0061](8) An analog-to-digital circuit concerning the 8th invention invention of the 8th, In 
composition of an analog-to-digital circuit concerning the 3rd invention, the 1 st arrthmet.c 
amplifier of at least one step of circuit, It has input capacitance, feedback capacity, and an 
operational amplifier, an inputted analog signal is amplified on a profit which becomes settled with 
a value of input capacitance, and a value of feedback capacity, and a switching means contains a 
variable region which sets either [ at least ] a value of input capacitance, or a value of feedback 

capacity as variable. , . . , .. . •.l 

[0062]In this case, an inputted analog signal is amplified on a profit which becomes sett ed with a 
value of input capacitance, and a value of feedback capacity. Therefore, a profit of the 1 st 
arithmetic amplifier can be easily changed by changing either [ at least ] a value of input 
capacitance of an operational amplifier, or a value of feedback capacity. ..... 

[0063](9) In composition of an analog-to-digital circuit which requires an analog-to-digital circuit 
concerning invention the 9th invention of the 9th for the 8th invention, a variable region contains 
a switch part changed to a state or the state where it connected too hastily where a part of 
input capacitance or feedback capacity was separated. 

[0064]In this case, input capacitance or feedback capacity of an operational amplifier can be 
changed from changing to a state or the state where it connected too hastily where a part of 
input capacitance or feedback capacity was separated by switch part. Thereby, a profit of the 
1st arithmetic amplifier can be changed easily. in *u i 

[0065](10) An analog-to-digital circuit concerning the 10th invention invention of the 10th, In 
composition of an analog-to-digital circuit concerning the 9th invention, a switch part .s 
connected to the 2nd capacity in series or in parallel including the 1 st and 2nd capacity by which 
feedback capacity was provided in parallel or in series between an input terminal of an 
operational amplifier, and an output terminal. 

[0066]If a switch part is made into a connected state, the 1st and 2nd capacity will be 
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connected in parallel or in series between an input terminal of an operational amplifier, and an 
output terminal. Thereby, feedback capacity increases or decreases. If a switch part is made into 
a cut off state, only the 1st capacity will be connected between an input terminal of an 
operational amplifier, and an output terminal. Thereby, feedback capacity decreases or increases. 

[0067](1 1) A switch part is connected to an output terminal of an operational amplifier in 
composition of an analog-to-digital circuit which requires an analog-to-digital circuit concerning 
invention the 1 1th invention of the 1 1th for the 1 0th invention. 

[0068]When the 2nd capacity is connected to an output side rather than a switch part, even if a 
switch part is set as a cut off state, parasitic capacitance of the 2nd capacity is charged. By 
that cause, it will be necessary to take parasitic capacitance into consideration, and a profit will 
vary with dispersion in parasitic capacitance at the time of setting out of a profit. Here, by 
connecting a switch part to an output side rather than the 2nd capacity, when a switch part is 
set as a cut off state, the 2nd capacity is separated from an output terminal by switch part with 
parasitic capacitance. Therefore, it becomes unnecessary to take parasitic capacitance of the 
2nd capacity into consideration at the time of setting out of a profit, and dispersion in a profit by 
dispersion in parasitic capacitance is lost. 

[0069](12) In composition of an analog-to-digital circuit which requires an analog-to-digital 
circuit concerning invention the 12th invention of the 12th for the 9th invention, input 
capacitance is provided in an input terminal of an operational amplifier in parallel or in series. 
[0070]If a switch part is made into a connected state, the 1st and 2nd capacity will be 
connected to an input terminal of an operational amplifier in parallel or in series. Thereby, input 
capacitance increases or decreases. Only the 1st capacity will be connected to an input terminal 
of an operational amplifier if a switch part is made into a cut off state. Thereby, input 
capacitance decreases or increases. 

[0071](13) A switch part is connected to an input side of the 2nd capacity in composition of an 
analog-to-digital circuit which requires an analog-to-digital circuit concerning invention the 13th 
invention of the 13th for the 12th invention. 

[0072]When the 2nd capacity is connected to an input side rather than a switch part, even if a 
switch part is set as a cut off state, parasitic capacitance of the 2nd capacity is charged. By 
that cause, it will be necessary to take parasitic capacitance into consideration, and a profit will 
vary with dispersion in parasitic capacitance at the time of setting out of a profit. Here, by 
connecting a switch part to an input side rather than the 2nd capacity, when a switch part is set 
as a cut off state, it is separated from a node in which the 2nd capacity receives an input signal 
by a switch part with parasitic capacitance. Therefore, it becomes unnecessary to take parasitic 
capacitance of the 2nd capacity into consideration at the time of setting out of a profit, and 
dispersion in a profit by dispersion in parasitic capacitance is lost. 

[0073](14) An analog-to-digital circuit concerning the 14th invention invention of the 14th, In 
composition of an analog-to-digital circuit concerning the 4th invention, an analog-digital 
converter of at least one step of circuit, A switching means contains a variable region which sets 
as variable two or more reference voltage generated by circuit generating reference voltage 
including circuit generating reference voltage which generates two or more reference voltage, 
and two or more comparators compared with an analog signal into which two or more reference 
voltage generated by circuit generating reference voltage was inputted. 

[0074]In this case, a voltage range of reference voltage can be changed by changing reference 
voltage generated by circuit generating reference voltage. Thereby, a full-scale range of an 
analog-digital converter can be changed easily. 

[0075](15) An analog-to-digital circuit concerning the 15th invention invention of the 15th, In 
composition of an analog-to-digital circuit concerning the 5th invention, a digital-to-analog 
converter of at least one step of circuit except a circuit of a final stage, Circuit generating 
reference voltage which generates reference voltage, and two or more capacity connected to a 
common terminal, Two or more switches which give reference voltage which was connected 
between circuit generating reference voltage and two or more capacity, and was generated by 
circuit generating reference voltage according to a digital signal inputted to two or more 
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capacity, respectively are included, A switching means contains a variable region which sets 
reference voltage generated by circuit generating reference voltage as variable. 
[0076]In this case, a voltage range of reference voltage can be changed by changing reference 
voltage generated by circuit generating reference voltage. Thereby, a full-scale range of a 
digital-to-analog converter can be changed easily. 

[Embodiment of the Invention](1) The 1st embodiment drawing 1 is a block diagram showing the 
composition of the pipeline type analog-to-digital circuit in a 1st embodiment of this invention. 
The analog-to-digital circuit of drawing 1 has 10-bit four-step pipeline constitution. 
[0078]In drawing 1 , the analog-to-digital circuit 1 comprises the circuits 3-6, two or more latch 
circuitry 7, and the output circuit 8 of the 2 or 1st step - the 4th step of sample hold circuit. 
[0079]The 1st (first rank) step of circuit 3 is provided with the arithmetic amplifier 11a, the 
subtractor circuit 12. and the arithmetic amplifier 13 which have sub A/D converter 9a which 
has a switchable full-scale range, D/A converter 10, and a switchable profit. The subtractor 
circuit 12 and the arithmetic amplifier 13 constitute the subtraction amplifier 14. The 2nd step 
and the 3rd step of circuits 4 and 5 are provided with sub A/D converter 9, D/A converter 10, 
the arithmetic amplifier 1 1. the subtractor circuit 12, and the arithmetic amplifier 13. The 
subtractor circuit 12 and the arithmetic amplifier 13 constitute the subtraction amplifier 14. The 
4th (final stage) step of circuit 6 is provided only with sub A/D converter 9. 

[0080]That the pipeline type analog-to-digital circuit 1 of drawing 1 differs from the conventional 
analog-to-digital circuit 100 of drawing 20 , It is the point that the arithmetic amplifier 11a which 
has sub A/D converter 9a and the switchable profit which have a switchable full-scale range is 

used for the 1 st step of circuit 3. _ 
[0081]Here, the full-scale range of sub A/D converter 9 in the 1st step of circuit 3, It changes 
to voltage range VIN _ equal to it when the voltage range of an analog input signal is VIN p _ p , 
and when the voltage ranges of an analog input signal are VIN p _ p /2, it changes to voltage range 
VIN _ /2. [ equal to it ] The profit of the arithmetic amplifier 1 1 a in the 1 st step of circuit 3 is 
changed 1 time, when the voltage range of an analog input signal is VIN p _ p , and when the voltage 
ranges of an analog input signal are VIN p _ p /2, it is changed twice. 

[0082]The full-scale range of D/A converter 10 in the 1st step - the 3rd step of circuit 3-5 is 
fixed, and the full-scale range of sub A/D converter 9 in the 2nd step - the 4th step of circuit 
4-6 is being fixed. The profit of the arithmetic amplifiers 11 and 13 in the arithmetic amplifier 13 
in the 1 st step of circuit 3, the 2nd step, and the 3rd step of circuit 3 and 4 is 2. 
[0083]4 bit configurations and the 2-4th step of circuits 4-6 of the 1st step of circuit 3 are 2 bit 
configurations, respectively. Similarly in the 1-3rd step of circuits 3-5, the number of bits (bit 
configuration) of sub A/D converters 9 and 9a and D/A converter 10 is set up. 
[0084]Operation of the analog-to-digital circuit 1 of drawing 1 in case the voltage range of an 
analog input signal is VIN , and the voltage range of each part are the same as that of the 

P P 

analog-to-digital circuit 1 00 of drawing 20 . 

[0085]Here, operation of the analog-to-digital circuit 1 of drawing 1 in case the voltage ranges of 
an analog input signal are VIN p _ p /2, and the output voltage range of each part are explained. 
[0086]The sample hold circuit 2 samples the analog input signal Vin. and carries out fixed time 
maintenance. The analog input signal Vin outputted from the sample hold circuit 2 is transmitted 
to the 1st step of circuit 3. 

[0087]In the 1 st step of circuit 3, sub A/D converter 9a performs an analog to digital to the 
analog input signal Vin of voltage range VIN p _ p /2. The full-scale range of sub A/D converter 9a 

at this time is changed to VIN p _ p /2 as mentioned above. 

[0088]Top 4-bit digital output (2 9 . 2 8 , 2 1 , 2 6 ) which is an A/D conversion result of sub A/D 
converter 9a is transmitted to the output circuit 8 via the four latch circuitry 7 while it is 
transmitted to D/A converter 1 0. D/A converter 1 0 changes into an analog signal top 4-bit 
digital output which is an A/D conversion result of sub A/D converter 9a. 
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[0089]Since the full-scale range of D/A converter 10 is being fixed to VIN p _ p> the normal output 

voltage range of D/A converter 1 0 is expressed like a following formula. 

[0090] 

(The 1st step of resolution-1) x(full-scale range of D/A converter 10)/(the 1st step of 
resolution) 

= (2 4 -1) x (VIN _ ) / 2 4 =15VIN p _p/16 one side and the arithmetic amplifier 11a sample the 
analog input signal Vin, and amplify and hold it. As mentioned above, since a profit is changed 
twice when the voltage ranges of an analog input signal are VIN p _ p /2, the output voltage range of 

the arithmetic amplifier 1 1a is expressed like a following formula. 

[0091] ... 
(Voltage range of the analog input signal Vin) x (profit of the arithmetic amplifier 11a) 

= (VIN /2) The x2 =VIN subtraction amplifier 14 subtracts and amplifies the analog input 
p— p' ' p-p 

signal Vin and the D/A conversion result of D/A converter 10 which were outputted from the 
arithmetic amplifier 11a. The output of the subtraction amplifier 14 is transmitted to the 2nd step 
of circuit 4. 

[0092]The output voltage range of the 1st step of subtraction amplifier 14 is expressed like a 
following formula. 

(Output voltage range of the arithmetic amplifier 1 1a) x (- (normal output voltage range of D/A 
converter 10)) (profit of the subtraction amplifier 14) 

= (VIN ) (- (15VIN /16)) In the x2 =VIN _ /82 step circuit 4, sub A/D converter 9 performs 

P""P P~~P P P 

an A/D conversion to the output of the subtraction amplifier 1 4 of the 1 st step of circuit 3. The 
A/D conversion result of sub A/D converter 9 is transmitted to the output circuit 8 via the 
three latch circuitry 7 while it is transmitted to D/A converter 1 0. Thereby, a 2-bit digital output 

(2 5 , 2 4 ) is obtained at least for Nakagami from the 2nd step of circuit 4. 

[0093]On the other hand, the arithmetic amplifier 1 1 amplifies the output of the subtraction 

amplifier 14 of the 1st step of circuit 3. The subtraction amplifier 14 subtracts and amplifies the 

output of the arithmetic amplifier 1 1 , and the D/A conversion result of D/A converter 1 0. The 

output of the subtraction amplifier 14 is transmitted to the 3rd step of circuit 5. 

[0094]In the 3rd step of circuit 5, the same operation as the 2nd step of circuit 4 is performed 

to the output of the subtraction amplifier 14 of the 2nd step of circuit 4. Thereby, a 2-bit digital 

output (2 3 , 2 2 ) is obtained at least for Nakashita from the 3rd step of circuit 5. 

[0095]In the 4th step of circuit 6, sub A/D converter 9 performs an A/D conversion to the 

output of the subtraction amplifier 1 4 of the 3rd step of circuit 5, and the digital output (2,2) 

of 2 bits of low ranks is obtained. 

[0096]The digital output of the 1 st step - the 4th step of circuits 3-6 arrives at the output 
circuit 8 simultaneously through each latch circuitry 7. That is, each latch circuitry 7 is formed in 
order to take the synchronization of the digital output of each circuits 3-6. 

[0097]The output circuit 8 carries out the after [ a digital compensation process ] parallel output 

of the 1 0-bit digital output Dout of the analog input signal Vin, when required. 

[0098]As mentioned above, when the voltage ranges of an analog input signal are VIN p _ p /2. By 

changing the full-scale range of the profit of the arithmetic amplifier 1 1 a of the 1 st step of 
circuit 3, and sub A/D converter 9a of the 1st step of circuit 3, The voltage range of the output 
signal given in the 2nd step of circuit 5 is set to VIN p _ p /8 from the subtraction amplifier 14 of 
the 1 st step of circuit 3 like the case where the voltage range of an analog input signal is VIN p _ p . 
Thereby, although the voltage range of the analog input signal Vin became half, the digital output 
same before the voltage range of an analog input signal becomes half is obtained. 
[0099]Therefore, the analog-to-digital circuit corresponding to change of the voltage range of an 
analog input signal can be provided, without changing a circuit design. 

[0100]According to this embodiment, the analog-to-digital circuit of a differential double end 
input method can be changed into the analog-to-digital circuit of a single-ended input method, 
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without changing circuitry. 

rOIOH Drawing 2 (a) and (b) is a figure showing setting out in the case of changing the analog-to- 
digital circuit 1 of drawing 1 to a differential double end input method and a single-ended input 
method, respectively. 

[0102]As shown in drawing 2 (a), at the time of a differential double end input, the profit of the 
arithmetic amplifier 1 1a is changed 1 time, and the full-scale range of sub A/D converter 9a is 
changed to 2VIN p _ p . In this example, the right side analog input voltage Vin of the analog input 

signal Vin of a differential double end input (+) changes in 1.0V to 2.0V, and the negative side 
analog input voltage Vin (-) changes from 2.0V in 1.0V. The voltage range of the analog input 
signal Vin becomes like a following formula. 

[0103]The maximum of 2VIN = {Vin(+)-Vin (-)} - minimum =2.0 [V] of {Vin(+)-Vin (-)} 

In this case, the right side reference voltage Vref of sub A/D converter 9a (+) changes in 1.0V to 

2.0V, and the negative side reference voltage Vref (-) changes from 2.0V in 1.0V. 

[0104]As shown in drawing 2 (b), at the time of a single-ended input, the profit of the arithmetic 

amplifier 1 1a is changed twice, and the full-scale range of sub A/D converter 9a is changed to 

VIN The right side analog input voltage Vin of the analog input signal Vin of the single-ended 
p-p 

input in this example (+) changes in 1.0V to 2.0V, and that of the negative side analog input 
voltage Vin (-) is constant 1.5V. The voltage range of the analog input signal Vin becomes like a 
following formula. 

[0105]The maximum of VIN p _ p = {Vin(+)-Vin (-)} - minimum =1.0 [V] of {Vin(+)-Vin (-)} 

In this case, the right side reference voltage Vref of sub A/D converter 9a (+) changes in 1.0V to 
2.0V, and its negative side reference voltage Vref (-) is constant 1.5V. 

[0106]Thus, in the analog-to-digital circuit 1 of drawing 1 , even if the voltage range of an analog 
input signal is set to one half by changing a differential double end input method into a single- 
ended input method, redesign of circuitry becomes unnecessary. 

[0107]Redesign of circuitry becomes unnecessary, when changing the voltage range of the 
analog input signal of a single-ended input into one half, and also when changing the voltage 
range of the analog input signal of a differential double end input into one half. 
[0108]Thus, in the same LSI (large scale integration circuit), the voltage range of the output of 
an analog input signal and an arithmetic amplifier, the output of a D/A conversion circuit, and the 
output of a subtraction amplifier can be changed programmably. As a result, while being able to 
attain shortening of a development cycle, it is also possible to perform low power consumption. 
[0109](2) The 2nd embodiment drawing 3 is a block diagram showing the composition of the 
pipeline type analog-to-digital circuit in a 2nd embodiment of this invention. The analog-to- 
digital circuit 1 of drawing 3 also has 1 0-bit four-step pipeline constitution. 
[0110]In drawing 3 , the analog-to-digital circuit 1 comprises the circuits 3-6, two or more latch 
circuitry 7, and the output circuit 8 of the 2 or 1st step - the 4th step of sample hold circuit. 
[01 1 1]4 bit configurations and the 2-4th step of circuits 4-6 of the 1st step of circuit 3 are 2 bit 
configurations, respectively. Similarly in the 1-3rd step of circuits 3-5, the number of bits (bit 
configuration) of sub A/D converters 9 and 9b and D/A converters 10 and 10b is set up. 
[01 12]The 1st (first rank) step of circuit 3 is provided with the arithmetic amplifier 13a which has 
sub A/D converter 9, D/A converter 10, the arithmetic amplifier 11, the subtractor circuit 12, 
and a switchable profit. The subtractor circuit 12 and the arithmetic amplifier 13a constitute the 
subtraction amplifier 14a. 

[01 13]The 2nd step and the 3rd step of circuits 4 and 5 are provided with sub A/D converter 9b 
which has a switchable full-scale range, D/A converter 10b which has a switchable full-scale 
range, the arithmetic amplifier 1 1, the subtractor circuit 12, and the arithmetic amplifier 13. The 
subtractor circuit 12 and the arithmetic amplifier 13 constitute the subtraction amplifier 14. The 
4th (final stage) step of circuit 6 is provided only with sub A/D converter 9b which has a 
switchable full-scale range. 

[01 14]Here, the 2nd step - the 4th step of sub A/D converter 9b shall have the 2nd step - the 
4th step of A/D converter 9 of drawing 20 t wice the accuracy of sub. Redesign of the analog- 
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to-digital circuit 1 at the time of using for the 2nd step - the 4th step hereafter sub A/D 
converter 9b which has twice as many accuracy as this is explained. 

[01 1 5]It is switchable 1 time and twice in the profit of the subtraction amplifier 14a in the 1st 
step of circuit 3. It is switchable to VIN p _ p /8, and VIN p _ p /16 in the full-scale range of sub A/D 

converter 9b in the 2nd step - the 4th step of circuit 4-6. It is switchable to VIN p _ p /4, and 

VIN /8 in the full-scale range of D/A converter 10b in the 2nd step and the 3rd step of circuit 
p-p 

4 and 5. 

[0116]Here, the profit of the subtraction amplifier 14a in the 1st step of circuit 3 is changed 1 
time. The full-scale range of sub A/D converter 9b in the 2nd step - the 4th step of circuit 4-6 
is changed to VIN p _ p /16, and the full-scale range of D/A converter 10b in the 2nd step and the 

3rd step of circuit 4 and 5 is changed to VIN /8. The full-scale range of sub A/D converter 9 

in the 1st step of circuit 3 is VIN p _ p . The profit of the arithmetic amplifiers 1 1 and 13 in the 2nd 

step and the 3rd step of circuit 3 and 4 is 2. 

[0117]Here, operation of the analog-to-digital circuit 1 of drawing 1 in case the voltage range of 
an analog input signal is VIN p _ pf and the output voltage range of each part are explained. 

[01 18]The sample hold circuit 2 samples the analog input signal Vin f and carries out fixed time 
maintenance. The analog input signal Vin outputted from the sample hold circuit 2 is transmitted 
to the 1 st step of circuit 3. 

[0119]In the 1st step of circuit 3, sub A/D converter 9 performs an analog to digital to the 
analog input signal Vin of voltage range VIN p _ p . The full-scale range of sub A/D converter 9 at 

this time is VIN p _ p . 

[0120]Top 4-bit digital output (2 9 , 2 8 , 2 7 , 2 6 ) which is an A/D conversion result of sub A/D 
converter 9 is transmitted to the output circuit 8 via the four latch circuitry 7 while it is 
transmitted to D/A converter 10. D/A converter 10 changes into an analog signal top 4-bit 
digital output which is an A/D conversion result of sub A/D converter 9. 

[0121]Since the full-scale range of D/A converter 10 is being fixed, the normal output voltage 

range of D/A converter 10 is expressed like a following formula. 

[0122] 

(The 1st step of resolution-1) x(full-scale range of D/A converter 10)/(the 1st step of 
resolution) 

= (2 4 -1) x (VIN p _ p ) / 2 4 =15VIN p _ p /16 one side and the arithmetic amplifier 1 1 sample the 

analog input signal Vin, and amplify and hold it. Since the profit of the arithmetic amplifier 1 1 is 1 
time, the output voltage range of the arithmetic amplifier 11 is expressed like a following formula. 

[0123] 

(Voltage range of the analog input signal Vin) x (profit of the arithmetic amplifier 11) 

= The VIN x1 =VIN subtraction amplifier 14a subtracts and amplifies the analog input signal 
p-p p-p 

Vin and the D/A conversion result of D/A converter 10 which were outputted from the 
arithmetic amplifier 11. The output of the subtraction amplifier 14a is transmitted to the 2nd step 
of circuit 4. 

[0124]Since the profit of the 1st step of subtraction amplifier 14a is changed to 1, the output 
voltage range of the 1st step of subtraction amplifier 14a is expressed like a following formula. 
[0125] 

(Output voltage range of the arithmetic amplifier 11) x (- (normal output voltage range of D/A 
converter 10)) (profit of the subtraction amplifier 14a) 

= (VIN _ ) (- (15VIN _ /16)) In the x1 =VIN /162 step circuit 4, sub A/D converter 9b 

P P P P P 

performs an A/D conversion to the output of the subtraction amplifier 14a of the 1st step of 
circuit 3. The A/D conversion result of sub A/D converter 9b is transmitted to the output circuit 
8 via the three latch circuitry 7 while it is transmitted to D/A converter 10b. 
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[0126]In this case, since sub A/D converter 9b has A/D converter 9 of drawing 20 t wice the 

accuracy of sub, A 2-bit digital output (2 5 , 2 4 ) is obtained at least for Nakagami from the 2nd 
step of circuit 4 by full-scale range VIN p _ p /16 of the half of sub A/D converter 9 of drawing 20 . 

[0127]At least Nakagami whose D/A converter 10b is an A/D conversion result of sub A/D 
converter 9b changes a 2-bit digital output into an analog signal. 

[0128]Since the full-scale range of D/A converter 10b is changed to VIN /8 of the half of D/A 

converter 10 of drawing 20 , the normal output voltage range of D/A converter 10b is expressed 

like a following formula. 

[0129] 

(The 2nd step of resolution-1) x (full-scale range of D/A converter 10b) 
/(the 2nd step of resolution) 

= (2 2 -1) x (VIN _ /8) / 2 2 =3VIN /32 one side and the arithmetic amplifier 1 1 amplify the 

p p p p 

output of the subtraction amplifier 14a of the 1st step of circuit 3. As mentioned above, since 
the profit of the subtraction amplifier 14a of the 1st step of circuit 3 is changed to 1, the output 
voltage range of the arithmetic amplifier 1 1a is expressed like a following formula. 
[0130] 

(Output voltage range of the 1st step of subtraction amplifier 14a) x (profit of the arithmetic 
amplifier 1 1) 

= (VIN _ /16) The x2 =VIN _ /8 subtraction amplifier 14 subtracts and amplifies the output of 

the arithmetic amplifier 11, and the D/A conversion result of D/A converter 10b. The output of 
the subtraction amplifier 14 is transmitted to the 3rd step of circuit 5. 

[0131]The output voltage range of the 2nd step of subtraction amplifier 14 is expressed like a 
following formula. 

(Output voltage range of the arithmetic amplifier 1 1) x (- (normal output voltage range of D/A 
converter 10b)) (profit of the subtraction amplifier 14) 

= (VIN _ /8) (- (3VIN _ /32)) In the x2 =VIN /1 63 step circuit 5, the same operation as the 
P p p p p p 

2nd step of circuit 4 is performed to the output of the subtraction amplifier 14 of the 2nd step of 
circuit 4. In this case, since sub A/D converter 9b has A/D converter 9 of drawing 20 t wice the 

accuracy of sub, A 2-bit digital output (2 3 , 2 2 ) is obtained at least for Nakashita from the 3rd 
step of circuit 5 by full-scale range VIN /16 of the half of sub A/D converter 9 of drawing 20 . 

The output voltage range of each part is the same as that of the 2nd step of circuit 4. 
[0132]In the 4th step of circuit 6, sub A/D converter 9b performs an A/D conversion to the 
output of the subtraction amplifier 14 of the 3rd step of circuit 5. In this case, since sub A/D 
converter 9b has A/D converter 9 of drawing 20 t wice the accuracy of sub, The digital output (2 

\ 2 °) of 2 bits of low ranks is obtained from the 4th step of circuit 6 by full-scale range VIN p _ 
/1 6 of the half of sub A/D converter 9 of drawing 20 . 

p 

[0133]The digital output of the 1st step - the 4th step of circuits 3-6 arrives at the output 
circuit 8 simultaneously through each latch circuitry 7. That is, each latch circuitry 7 is formed in 
order to take the synchronization of the digital output of each circuits 3-6. 

[0134]The output circuit 8 carries out the after [ a digital compensation process ] parallel output 

of the 10-bit digital output Dout of the analog input signal Vin, when required. 

[0135]As mentioned above, in the analog-to-digital circuit 1 of drawing 3 . Although the voltage 

range of each part of the circuits 4-6 after the 2nd step became half [ of the analog-to-digital 

circuit 100 of drawing 20 ] by using sub A/D converter 9b which has twice as many accuracy as 

this, the digital output same before a voltage range becomes half is obtained. 

[0136]In this case, the alternating current component of current which flows through the circuits 

3-6 of each stage decreases by optimizing a voltage range to sub A/D converter 9b which has 

twice as many accuracy as this, and setting it as a half. Thereby, the consumed electric current 

can provide the analog-to-digital circuit by which reduction was carried out by optimizing a 

voltage range, without changing a circuit design. 
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[0137](3) Circuitry drawing 4 of each part is a circuit diagram showing the 1st example of the 
composition of the arithmetic amplifier 11a in the analog-to-digital circuit 1 of drawing 1 . 
[0138]The arithmetic amplifier 11a of drawing 4 includes the operational amplifier 110, the 
capacity value switching circuit 111,112, the capacitor 1 1 3,1 1 4, and the switches 1 1 5-1 22. The 
switches 1 15-122 are constituted by the MOS (metal oxide semiconductor) transistor, for 
example. 

[01 39]The capacity value switching circuit 1 1 1 is connected as feed back capacity between the 
inversed input terminal of the operational amplifier 110, and an inverted output terminal, and the 
capacity value switching circuit 1 12 is connected as feed back capacity between the non- 
inversed input terminal and the noninverting output terminal. The capacitor 1 13 is connected to 
the inversed input terminal of the operational amplifier 110 as input capacitance, and the 
capacitor 114 is connected to the non-inversed input terminal as input capacitance. 
[0140]The right side analog input voltage Vin (+) and middle reference voltage VRT1 are given to 
the capacitor 1 13 via the switch 1 15,116, respectively. The negative side analog input voltage 
Vin (-) and middle reference voltage VRT1 are given to the capacitor 1 14 via the switch 1 17,1 18, 
respectively. The inversed input terminal, the inverted output terminal, non-inversed input 
terminal, and noninverting output terminal of the operational amplifier 110 are grounded via the 
switch 119,120,121,122, respectively. 

[0141]If capacity value of the capacitor 1 13,1 14 is set to CA, respectively and capacity value of 
the capacity value switching circuit 111,112 is set to CB here, respectively, The right side analog 
output voltage Vo of the inverted output terminal of the operational amplifier 110 (+) and the 
negative side analog output voltage Vo of a noninverting output terminal (-) become like a 
following formula. 
[0142] 

Vo(+) = (Vin(+)-VRT1) and (CA/CB) 
Vo(-) = (Vin(-)-VRTD and (CA/CB) 
delta Vo=Vo(+)-Vo (-) 
= (Vin(+)-Vin (-)) -(CA/CB) 

Therefore, the profit of the arithmetic amplifier 11a can be changed by changing the capacity 
value CB of the capacity value switching circuit 111,112. 

r0143l Drawing 5 is a circuit diagram showing the 2nd example of the composition of the 
arithmetic amplifier 11a in the analog-to-digital circuit 1 of drawing 1 . 
[0144]The arithmetic amplifier 11a of drawing 5 includes the operational amplifier 110, the 
capacitor 123,124, the capacity value switching circuit 125,126, and the switches 115-122. 
[0145]The capacitor 123 is connected as feed back capacity between the inversed input terminal 
of the operational amplifier 110, and an inverted output terminal, and the capacitor 124 is 
connected as feed back capacity between the non-inversed input terminal and the noninverting 
output terminal. The capacity value switching circuit 125 is connected to the inversed input 
terminal of the operational amplifier 110 as input capacitance, and the capacity value switching 
circuit 126 is connected to the non-inversed input terminal as input capacitance. 
[0146]The right side analog input voltage Vin (+) and middle reference voltage VRT1 are given to 
the capacity value switching circuit 125 via the switch 1 15,1 16, respectively. The negative side 
analog input voltage Vin (-) and middle reference voltage VRT1 are given to the capacity value 
switching circuit 126 via the switch 1 17,1 18, respectively. The inversed input terminal, the 
inverted output terminal, non-inversed input terminal, and noninverting output terminal of the 
operational amplifier 110 are grounded via the switch 119,120,121,122, respectively. 
[0147]If capacity value of the capacity value switching circuit 125,126 is set to CC, respectively 
and capacity value of the capacitor 123,124 is set to CD here, respectively, The right side analog 
output voltage Vo of the inverted output terminal of the operational amplifier 1 10 (+) and the 
negative side analog output voltage Vo of a noninverting output terminal (-) become like a 
following formula. 
[0148] 

Vo(+) = (Vin(+)-VRT1) and (CC/CD) 
Vo(-) = (Vin(-)-VRTO and (CC/CD) 
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deltaVo=Vo(+)-Vo (-) 

= (Vin(+)-Vin (-)) -(CC/CD) , . .. . 1IO 

Therefore, the profit of the arithmetic amplifier 1 1a can be changed by changing capacity value 

CC of the capacity value switching circuit 125,126. 

m 1491 Drawing 6 - drawing 1 1 are the circuit diagrams showing the 1st - the 6th example ot the 
concrete circuitry of the arithmetic amplifier 11a. 

[01 50]In drawing 6 - drawing 1 1 , each of the capacitors Ca, Cb, and Cc shall have the equal 
capacity value C. Let m be arbitrary positive integers. 

[0151]In the example of drawing 6 , the parallel circuit and the switch Sa of m capac.tor Ca are 
connected in series between the inversed input terminal of the operational amplifier 110, and an 
inverted output terminal, and the parallel circuit of m capacitor Ca is connected. Here, m is 
arbitrary positive integers. Similarly, the parallel circuit and the switch Sa of m capacitor Ca are 
connected in series between the non-inversed input terminal of the operational amplifier 1 10 
and a noninverting output terminal, and the parallel circuit of m capacitor Ca is connected. The 
2m piece capacitor Cb is connected to the inversed input terminal of the operational amplifier 
110 and the 2m piece capacitor Cb is connected to the non-inversed input terminal 
[01 52]The right side analog input voltage Vin (+) is given to the 2m piece capacitor Cb by the 
side of an inversed input terminal via the switch S1 , respectively. The negative s.de analog mput 
voltage Vin (-) is given to the capacitor Cb by the side of a non-inversed input terminal via the 
switch S1 . respectively. The high potential side reference voltage VRT is given i to the m 
capacitors Cb by the side of an inversed input terminal, and the m capacitors Cb by the s.de of a 
non-inversed input terminal via the switch S2, respectively, The low voltage s.de reference 
voltage VRB is given to the m capacitors Cb by the side of a non-inversed input term.nal, and 
the m capacitors Cb by the side of a non-inversed input terminal via the switch S2, respectively. 

[01 53]In this example, the values of input capacitance are 2mC. If the switch Sa is carried out to 
one the value of feed back capacity will serve as 2mC, and if the switch Sa is turned OFF, the 
value of feed back capacity will serve as mC. Therefore, at the time of a differential double end 
input, by changing the switch Sa to one, a profit will be 1 time and a profit will be twice by 
changing the switch Sa to OFF at the time of a single-ended input. 

[01 54]In the example of drawing 7 , the parallel circuit of 2m piece capacitor Ca and the paral el 
circuit of 2m piece capacitor Cc are connected in series between the inversed input term.nal of 
the operational amplifier 110. and an inverted output terminal, and the switch Sa is connected in 
parallel with capacitor Cc. Similarly, the parallel circuit of 2m piece capacitor Ca and the parallel 
circuit of 2m piece capacitor Cc are connected in series between the non-.nversed input 
terminal of the operational amplifier 1 1 0. and a noninverting output terminal, and the sw.tch Sa .s 
connected in parallel with capacitor Cc. The composition of other portions of the arithmetic 
amplifier 1 1 a of drawing 7 is the same as that of the arithmetic amplifier 1 1 a of drawing 6 
[0155]In this example, the values of input capacitance are 2mC. If the switch Sa is earned out to 
one the value of feed back capacity will serve as 2mC. and if the switch Sa is turned OFF, the 
value of feed back capacity will serve as mC. Therefore, at the time of a different.al double end 
input, by changing the switch Sa to one, a profit will be 1 time and a profit will be twice by 
changing the switch Sa to OFF at the time of a single-ended input. 

[0156]In the example of drawing 8 . the parallel circuit of 2m piece capacitor Ca and the para lei 
circuit of 2m piece capacitor Cc are connected in series between the inversed input terminal of 
the operational amplifier 110, and an inverted output terminal, and the switch Sa is connected in 
parallel with capacitor Ca. Similarly, the parallel circuit of 2m piece capacitor Ca and the parallel 
circuit of 2m piece capacitor Cc are connected in series between the non-inversed input 
terminal of the operational amplifier 110. and a noninverting output terminal, and the sw.tch Sa is 
connected in parallel with capacitor Ca. The composition of other portions of the ar.thmet.c 
amplifier 1 1 a of drawing 8 is the same as that of the arithmetic amplifier 1 1 a of drawing 6 
[01 57]In this example, the values of input capacitance are 2mC. If the switch Sa is earned out to 
one the value of feed back capacity will serve as 2mC. and if the switch Sa .s turned OFF, the 
value of feed back capacity will serve as mC. Therefore, at the time of a different.^ double end 
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input by changing the switch Sa to one, a profit will be 1 time and a profit will be twice by 
changing the switch Sa to OFF at the time of a single-ended input. 

[0158]In the example of drawing 9 , the parallel circuit of m capacitor Ca is connected between 
the inversed input terminal of the operational amplifier 110, and the inverted output terminal. 
Similarly, the parallel circuit of m capacitor Ca is connected between the non-inversed input 
terminal of the operational amplifier 110, and the noninverting output terminal. The 2m piece 
capacitor Cb is connected to the inversed input terminal of the operational amplifier 110, and the 
2m piece capacitor Cb is connected to the non-inversed input terminal. 

[0159]The right side analog input voltage Vin (+) is given to the 2m piece capacitor Cb by the 
side of an inversed input terminal via the switch S1 and S1a, respectively. The negative side 
analog input voltage Vin (-) is given to the capacitor Cb by the side of a non-inversed input 
terminal via the switch S1 and S1a, respectively. The high potential side reference voltage VRT 
is given to the m capacitors Cb by the side of an inversed input terminal, and the m capacitors 
Cb by the side of a non-inversed input terminal via the switch S2 and S2a, respectively, The low 
voltage side reference voltage VRB is given to the m capacitors Cb by the side of a non- 
inversed input terminal, and the m capacitors Cb by the side of a non-inversed input terminal via 
the switch S2 and S2a, respectively. 

[0160]In this example, the value of feed back capacity is mC. If the switch S1a and S2a are 
made one, the value of input capacitance will serve as 2mC, and if the switch S1a and S2a are 
turned OFF, the value of input capacitance will serve as mC. Therefore, at the time of a 
differential double end input, by always turning OFF the switch S1a and S2a, a profit will be 1 
time and a profit will be twice by carrying out switching operation of the switch S1a and the S2a 
like the switch S1 and S2 at the time of a single-ended input. 

[0161]In the example of drawing 10 , the parallel circuit of m capacitor Ca is connected between 
the inversed input terminal of the operational amplifier 110, and the inverted output terminal. 
Similarly, the parallel circuit of m capacitor Ca is connected between the non-inversed input 
terminal of the operational amplifier 110, and the noninverting output terminal. The parallel circuit 
of 2m piece capacitor Cc is connected to the inversed input terminal of the operational amplifier 
110, the 2m piece capacitor Cb is connected to the parallel circuit of capacitor Cc, and the 
switch Sa is connected in parallel with capacitor Cc. The parallel circuit of 2m piece capacitor 
Cc is connected to a non-inversed input terminal, the 2m piece capacitor Cb is connected to the 
parallel circuit of capacitor Cc, and the switch Sa is connected in parallel with capacitor Cc. The 
composition of other portions of the arithmetic amplifier 1 1a of drawing 1 0 is the same as that of 
the arithmetic amplifier 11a of drawing 6 . 

[0162]In this example, the value of feed back capacity is mC. If the switch Sa is carried out to 
one, the value of input capacitance will serve as 2mC, and if the switch Sa is turned OFF, the 
value of input capacitance will serve as mC. Therefore, at the time of a differential double end 
input, by turning OFF the switch Sa, a profit will be 1 time and a profit will be twice by carrying 
out the switch Sa to one at the time of a single-ended input. 

[0163]In the example of drawing 1 1 , the parallel circuit of m capacitor Ca is connected between 
the inversed input terminal of the operational amplifier 110, and the inverted output terminal. 
Similarly, the parallel circuit of m capacitor Ca is connected between the non-inversed input 
terminal of the operational amplifier 110, and the noninverting output terminal. The parallel circuit 
of 2m piece capacitor Cc is connected to the inversed input terminal of the operational amplifier 
110, the 2m piece capacitor Cb is connected to the parallel circuit of capacitor Cc, and the 
switch Sa is connected to the capacitor Cb in parallel. The parallel circuit of 2m piece capacitor 
Cc is connected to a non-inversed input terminal, the 2m piece capacitor Cb is connected to the 
parallel circuit of capacitor Cc, and the switch Sa is connected to the capacitor Cb in parallel. 
The composition of other portions of the arithmetic amplifier 1 1a of drawing 1 1 is the same as 
the composition of the arithmetic amplifier 11a of drawing 6 . 

[0164]In this example, the value of feed back capacity is mC. If the switch Sa is carried out to 
one, the value of input capacitance will serve as 2mC, and if the switch Sa is turned OFF, the 
value of input capacitance will serve as mC. Therefore, at the time of a differential double end 
input, by turning OFF the switch Sa, a profit will be 1 time and a profit will be twice by carrying 
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out the switch Sa to one at the time of a single-ended input. 

[0165]In the arithmetic amplifier 1 1a of drawing 6 - drawing 1 1 , the switch Sa is constituted by 
the MOS transistor as mentioned above. The diffusion capacitance of a MOS transistor is added 
to the node to which the switch Sa is connected by that cause, and gate capacitance is added at 
the time of one of the switch Sa. If capacity is added to the inversed input terminal or non 
inversed input terminal of the operational amplifier 110, the working speed of the arithmetic 
amplifier 11a will fall. 

[0166]The switch Sa is connected to the inverted output terminal and noninverting output 
terminal of the operational amplifier 1 1 0 in the example of drawing 6 and drawing 7. Thereby, the 
working speed of the arithmetic amplifier 11a does not fall. Therefore, the example of drawing 6 

and drawing 7 is preferred. . 
[0167]Since on resistance exists at the time of one of the switch Sa when the switch ba is 
connected in parallel with a capacitor, the capacity of a capacitor is thoroughly unseparable. 
[0168]In the example of drawing 6 , the switch Sa is connected to capacitor Ca in series, and the 
switch Sa is connected to the inverted output terminal and noninverting output terminal of the 
operational amplifier 110. Thereby, the capacity of capacitor Ca is thoroughly separable at the 
time of one of the switch Sa. Therefore, the example of drawing 6 is the most preferred. 
[0169]In the example of drawing 9 , the switch S1a and S2a are connected to the input side 
rather than the capacitor Cb. On the contrary, when the capacitor Cb is connected to the input 
side rather than the switch S1a and S2a. even if the switch S1a and S2a are set as an OFF 
state the parasitic capacitance of the capacitor Cb is charged. By that cause, it will be 
necessary to take parasitic capacitance into consideration, and a profit will vary with dispersion 
in parasitic capacitance at the time of setting out of a profit. Like the example of drawing 9 , by 
connecting the switch S1a and S2a to an input side rather than the capacitor Cb, when the 
switch S1a and S2a are set as an OFF state, the capacitor Cb is separated by the switch S1a 
and S2a with parasitic capacitance. Therefore, in the example of drawing 9, it becomes 
unnecessary to take the parasitic capacitance of the capacitor Cb into consideration at the time 
of setting out of a profit, and dispersion in the profit by dispersion in parasitic capacitance is 
lost. 

[0170]The circuit diagram showing the 1st example of the composition of sub A/D converter 
[ in / in drawing 1 2 / the analog-to-digital circuit 1 of drawing 1 ] 9a and drawing 1 3 are the 
circuit diagrams showing the composition of the comparator used for sub A/D converter 9a of 
drawing 12 . 

[0171]Sub A/D converter 9a is provided with the circuit generating reference voltage 9Z, yda, 
and 93b and two or more comparators 90 which generate reference voltage in drawing 12 . 
[01 72]The circuit generating reference voltage 92 consists of two or more resistance R 
connected in series. The circuit generating reference voltage 93a consists of two or more 
resistance R connected in series. The circuit generating reference voltage 93b consists of two 
or more resistance R1 connected in series. Two or more resistance R has equal resistance, and 
two or more resistance R1 has equal resistance. 

[0173]The circuit generating reference voltage 92 is connected between the node N91 which 
receives the high potential side reference voltage VRT, and the node N92 which receives the low 
voltage side reference voltage VRB. The circuit generating reference voltage 93a is connected 
via the switch S24 and S25 between the node N93 which receives the high potential side 
reference voltage VRT, and the node N94 which receives the low voltage side reference voltage 
VRB The circuit generating reference voltage 93b is connected between the node N93 which 
receives the high potential side reference voltage VRT, and the node N94 which receives the low 
voltage side reference voltage VRB. The switch S26 is connected between the intermediate 
node N95 of the circuit generating reference voltage 93a, and the intermediate node N96 of the 
circuit generating reference voltage 93b. 

[0174]Reference voltage which is different at the node during the resistance R of the circuit 
generating reference voltage 92, respectively is generated. Similarly, reference voltage which is 
different at the node during the resistance R of the circuit generating reference voltage 93a, 
respectively is generated. Here, different reference voltage obtained by the circuit generating 
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reference voltage 92 is called the right side reference voltage Vref (+). Different reference 
voltage obtained by the circuit generating reference voltage 93a is called the negative side 

reference voltage Vref (-). 

[0175]Middle reference voltage VRT1 (=(VRT-VRB)/2) which is the middle voltage of the high 
potential side reference voltage VRT and the low voltage side reference voltage VRB is 
generated by the intermediate node N96 of the circuit generating reference voltage 93b. 
[0176]As shown in drawing 13 . each comparator 90 includes the operational amplifier 91, the 
capacitor C1, C2, and the switches S13-S18. The switch S13 is connected between the inversed 
input terminal of the operational amplifier 91 , and an inverted output terminal, and the switch 
S14 is connected between the non-inversed input terminal and the noninverting output terminaL 
The capacitor C1 is connected to the inversed input terminal of the operational amplifier 91, and 
the capacitor C2 is connected to the non-inversed input terminal. The switch S15 and S16 are 
connected to the capacitor CI. and the switch S17 and S18 are connected to the capacitor C2^ 
In drawing 1 2 , the switch S13 of each comparator 90 and the graphic display of S14 are omitted. 
[01 77]The right side analog input voltage Vin (+) and the right side reference voltage Vref (+) are 
given to the capacitor C1 via the switch S15 and S16, respectively. The negative side analog 
input voltage Vin (-) and the negative side reference voltage Vref (-) are given to the capacitor 
C2 via the switch S17 and S18, respectively. 

[0178]In the initial state, and the switch S16 and S18 turn off. [ the switch S13 S14, S15, and 
S17 ] Next, the one [ the switch S15 and S17 are turned off and / the switch S16 and S18 J 
after turning off the switch S13 and S14. Since the inversed input terminal and non-inversed 
input terminal of the operational amplifier 91 are floating when the switch S13 and S14 are 
turned off The voltage of an inversed input terminal changes (Vin(+)-Vref (+)), and the voltage of 
a non-inversed input terminal changes (Vin(-)-Vref (-)). As a result, differential analog input 
voltage (Vin(+)-Vin (-)) and differential reference voltage (Vref(+)-Vref (-)) are measured and 
right side analog-output-voltage Vout (+) and negative side analog-output-voltage Vout ( ) 
change according to a comparison result. 

[01 79]The digital code Dcode can be obtained by encoding the comparison result of two or more 
comparators 90 of drawing 12 with the encoder 950. 

[0180]In sub A/D converter 9a of drawing 12 , at the time of a differential double end input, and 
the switch S26 is turned off. [ the switch S24 and S25 ] Thereby, the negative side reference 
voltage Vref (-) which changes with circuit generating reference voltage 93a via the switch S1 1 8, 
respectively to the capacitor C2 of each comparator 90 is given. At the time of a single-ended 
input the switch S24 and S25 are turned off and the switch S26 is carried out to one. Thereby, 
middle reference voltage VRT1 is given to the capacitor C2 of each comparator 90 by the circuit 

generating reference voltage 93b via the switch S18. 

[01 81 ]Thus, a full-scale range is changed in sub A/D converter 9a. 

[0182]The switch S26 may be connected between the intermediate node N95 of the circuit 
generating reference voltage 93a, and the intermediate node of the circuit generating reference 
voltage 92, without forming the circuit generating reference voltage 93b. 
[0183]The circuit diagram showing the 2nd example of the composition of sub A/D converter 
[ in / in drawing 14 / the analog-to-digital circuit 1 of drawing 1 ] 9a and drawing 1 5 are the 
circuit diagrams showing the composition of the comparator used for sub A/D converter 9a of 

drawing 14 . . ... 

[0184]In drawing 1 4 , the switch S26 of drawing 1 2 is not connected between the intermediate 
node N95 of the circuit generating reference voltage 93a, and the intermediate node N96 of the 
circuit generating reference voltage 93b. 

[0185]As shown in drawing 1 5 , each comparator 90 includes the operational amplifier 91, the 
capacitor C1, C2, and the switches S13-S18, and contains the switch S21 and S22 further. One 
end of the switch S21 is connected to the capacitor CI, and the other end of the switch S21 is 
opened wide. One end of the switch S22 is connected to the capacitor C2, and the other end is 
connected to the intermediate node N96 of the reference voltage generating time 93b of drawing 
14. The composition of other portions of the comparator 90 of drawing 1 5 is the same as the 
composition of the comparator 90 of drawing 13 . 
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[0186]Middle reference voltage VRT1 is given to the capacitor C2 by the reference voltage 
generating time 93b via the switch S22. 

[01 87]Operation of the comparator 90 of drawing 1 5 at the time of a differential double end input 
is the same as operation of the comparator 90 of drawing 1 3. At this time, the switch S21 and 
S22 are always turned off. At the time of a single-ended input, the switch S22 is operated 
instead of the switch S18. At this time, the switch S21 is always turned off 
[0188]The one [ the switch S24 and S25 ] at the time of a differential double end input in sub 
A/D converter 9a of drawing 1 4 . At this time, the switch S21 and S22 are always turned OFF. 
Thereby the negative side reference voltage Vref (-) which changes with circuit generating 
reference voltage 93a via the switch S18, respectively to the capacitor C2 of each comparator 
90 is given. At the time of a single-ended input, the switch S24 and S25 are turned off and the 
switch S22 is operated instead of the switch S18. At this time, the switch S21 is always turned 
off. Thereby, middle reference voltage VRT1 is given to the capacitor C2 of each comparator 90 
by the circuit generating reference voltage 93b via the switch S22. 
[01 89]Thus, a full-scale range is changed in sub A/D converter 9a. 

[0190]Although it is not necessary to form the switch S21 in each comparator 90. in order to 
secure the symmetry of the circuitry of the comparator 90. it is preferred to form the switch 

S21 

rQ191l Drawing16 is a circuit diagram of sub A/D converter 9b in the 2nd step of circuit 4 in the 
analog-to-digital circuit 1 of drawing 3 . Sub A/D converter 9b of drawing 1 6 is a full-parallel 
comparison (flash plate) method sub A/D converter. 

[0192]Sub A/D converter 9b comprises the circuit generating reference voltage 94 and yi) and 
two or more comparators 90 which generate reference voltage. Each of the circuit generating 
reference voltage 94 and 95 consists of the resistance R2 or 2n resistance R of a piece and, and 
the resistance R3. The resistance R2 and R3 have resistance n times the resistance of R, 
respectively. The resistance R2 or 2n resistance R of a piece and. and the resistance R3 are 
connected between the node N97 which receives high potential side reference voltage YvT/ 
and the node N98 which receives low voltage side reference voltage VRB2. The switch S28 is 
connected to the both ends of the resistance R2. and the switch S29 is connected to the both 

ends of the resistance R3. . . . 

[0193]Reference voltage which is different at the node during the resistance R of the circuit 
generating reference voltage 94, respectively is generated. Similarly, reference voltage which is 
different at the node during the resistance R of the circuit generating reference voltage 95, 
respectively is generated. Here, different reference voltage obtained by the circuit generating 
reference voltage 94 is called the right side reference voltage Vref (+). Different reference 
voltage obtained by the circuit generating reference voltage 95 is called the negative side 

reference voltage Vref (-). . , ,. w c fj.\ „„„ 

[01 94]The right side analog input voltage Vin (+) and the right side reference voltage Vref Ware 
given to the capacitor C1 of each comparator 90 via the switch S15 and S16, respectively. The 
negative side analog input voltage Vin (-) and the negative side reference voltage Vref (-) are 
given to the capacitor C2 of each comparator 90 via the switch S17 and S18, respectively. The 
composition and operation of the comparator 90 of drawing 16 are the same as the composition 
of the comparator 90 of drawing 1 3 , and operation. 

[0195]Here. the difference of high potential side reference voltage VRT2 and low voltage side 
reference voltage VRB2 is set as VIN p _ p /8. When the switch S28 of the circuit generating 
reference voltage 95 and 96 and S29 are OFF. full-scale ranges are VIN p _ p /16. If the switch S28 
and S29 are made one. a full-scale range will be set to VIN p _ p /8. Thus, in sub A/D converter 9b, 
a full-scale range can be changed 1 time and twice. 

r0196l Drawing17 is a circuit diagram of D/A converter 10 in the 2nd step of circuit 4 in the 
analog-to-digital circuit 1 of drawing 3 . D/A converter 10 of drawing 1 7 is a capacity array 

method D/A converter. _ . , _ , , . . ... 

T01971D/A converter 10 comprises the switch S51 by the side of right [ of the each plurality 
connected to the circuit generating reference voltage 96 which generates reference voltage, and 
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array form ], S52 and the switch S53 of two or more negative sides, S54, two or more right side 
capacitors C50, and two or more negative side capacitors C51. 

[0198]The circuit generating reference voltage 96 consists of the resistance R4, two or more 
resistance R, and the resistance R5. The resistance R4 and R5 have the resistance of the half of 
the resistance of the sum total of two or more resistance R. The resistance R4, two or more 
resistance R, and the resistance R5 are connected in series between the node N101 which 
receives high potential side reference voltage VRT3, and the node N102 which recedes low 
voltage side reference voltage VRB3. The switch S30 is connected to the both ends of the 
resistance R4, and the switch S31 is connected to the both ends of the res.stance R5. 
[0199]AII of the capacitor C50 and C51 have the same capacity value. From one terminal ^ is 
hereafter called an output terminal) N111 of the capacitor C50, the differential positive side 
output voltage VDA (+) is generated, and the differential negative side output voltage VDA I ; is 
generated from one terminal (henceforth an output terminal) N1 12 of the capac.tor C51. Each 
capacitor C50 and the terminal of another side of C51 are called an input terminal. 
[0200]One terminal of each switch S51 is connected to the node N103 between the res.stance 
R4 and the resistance R, and the terminal of another side is connected to the input terminal ot 
the capacitor C50. One terminal of each switch S52 is connected to the node N104 between the 
resistance R5 and the resistance R, and the terminal of another side is connected to the input 
terminal of the capacitor C50. One terminal of each switch S53 is connected to the node N103 
between the resistance R4 and the resistance R, and the terminal of another side is connected 
to the input terminal of the capacitor C51. One terminal of each switch S54 is connected to the 
node N104 between the resistance R5 and the resistance R, and the terminal of another side is 
connected to the input terminal of the capacitor C51 . 

[0201]According to the output level of the comparator 90 of sub A/D converter 9b of drawing 
16 on-off control action of the switch S51, S52, S53, and S54 is carried out. The four switches 
S51 which receive the output signal of the same comparator 90, S52, S53, and S54 constitute 4 
ream switch. For example, when the output of the one comparator 90 is high-level, and the 
switch S52 and S53 turn off. [ the switch S51 of 4 ream switch, and S54 ] On the contrary one 
[ the switch S51 of 4 ream switch and S54 turn off, and / the switch S52 and S53 J when the 
output of the one comparator 90 is a low level. 

[0202]According to the output level of two or more comparators 90 of sub A/D converter yb, 
two or more switches S51, S52, S53. and S54 carry out on-off control action, and the differential 
positive side output voltage VDA (+) and the differential negative side output voltage VDA {.-) 
are obtained by the output terminal N1 1 1 and N1 12. 

[0203]Here, the difference of high potential side reference voltage VRT3 and low voltage side 
reference voltage VRB3 is set as VIN p _ p /4. When the switch S30 of the circuit generating 
reference voltage 96 and S31 are OFF, full-scale ranges are VIN p _ p /8. If the switch S30 and S31 
are made one. a full-scale range will be set to VIN p _ p /4. Thus, in D/A converter 10b, a full-scale 
range can be changed 1 time and twice. 

r0204l Drawing 18 is a circuit diagram showing the 1 st example of the composition of the 
subtraction amplifier 14a in the analog-to-digital circuit 1 of drawing 3 . 

[0205]The subtraction amplifier 14a of drawing 18 includes the operational amplifier 1 30 the 
capacity value switching circuit 131,132, the capacitor 133,134, and the switches 135-138. A 
switch is constituted by the MOS (metal oxide semiconductor) transistor, for example. 
[0206]The capacity value switching circuit 131 is connected as feed back capacity between the 
inversed input terminal of the operational amplifier 130, and an inverted output terminal, and the 
capacity value switching circuit 1 32 is connected as feed back capacity between the non 
inversed input terminal and the noninverting output terminal. The capacitor 1 33 is connected to 
the inversed input terminal of the operational amplifier 130 as input capacitance, and the 
capacitor 1 34 is connected to the non-inversed input terminal as input capacitance. 
[0207]The differential positive side output voltage VDA (+) outputted from the right side analog 
output voltage Vo (+) and D/A converter 10b which are outputted is given to the capacitor 133 
via the switch 135,136, respectively from the arithmetic amplifier 11 of drawing 3 . The differential 
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positive side output voltage VDA (-) outputted from the negative side analog output voltage Vo 
(-) and D/A converter 10b which are outputted is given to the capacitor 134 via the switch 
137 138 respectively from the arithmetic amplifier 11. The inversed input terminal the inverted 
output terminal, non-inversed input terminal, and noninverting output terminal of the operat.onal 
amplifier 130 are grounded via the switch 139,140,141,142, respectively. 

[0208]Operation of the subtraction amplifier 14a of drawing 18 is the same as operation of the 
arithmetic amplifier 1 1a of drawing 4 . The right side analog input voltage Vin (+) and the negative 
side analog input voltage Vin (-) which are given in the circuit 4 of the next step are obtained 
from the inverted output terminal and noninverting output terminal of the operational amplifier 

1 30 

[0209]Here, the profit of the subtraction amplifier 14a can be changed by changing the capacity 
value of the capacity value switching circuit 1 31 ,1 32. 

r02 101 Drawing 19 is a circuit diagram showing the 2nd example of the composition ot the 
subtraction amplifier 14a in the analog-to-digital circuit 1 of drawing 3 . 

[0211]The subtraction amplifier 14a of drawing 19 includes the operat.onal amplifier J 30 the 
capacitor 1 39,1 40, the capacity value switching circuit 1 41 ,1 42, and the switches 1 1 35-1 40. 
[0212]The capacitor 139 is connected as feed back capacity between the inversed input terminal 
of the operational amplifier 130, and an inverted output terminal, and the capacitor 140 is 
connected as feed back capacity between the non-inversed input terminal and the non.nvert.ng 
output terminal. The capacity value switching circuit 141 is connected to the inversed input 
terminal of the operational amplifier 130 as input capacitance, and the capacity value sw.tch.ng 
circuit 142 is connected to the non-inversed input terminal as input capacitance. 
[0213]The differential positive side output voltage VDA (+) outputted from the right side analog 
output voltage Vo (+) and D/A converter 10b which are outputted is given to the capacity value 
switching circuit 141 via the switch 135,136, respectively from the arithmetic amplifier 11 of 
drawing 3. The differential positive side output voltage VDA (-) outputted from the negative s.de 
analog output voltage Vo (-) and D/A converter 10b which are outputted is given to the capacity 
value switching circuit 142 via the switch 137,138. respectively from the arithmetic amplifier 11. 
The inversed input terminal, the inverted output terminal, non-inversed input terminal, and 
noninverting output terminal of the operational amplifier 130 are grounded via the switch 
139.140,141,142, respectively. 

[0214]Operation of the subtraction amplifier 14a of drawing 1 9 is the same as operation of the 
arithmetic amplifier 1 1 a of drawing 5 . The right side analog input voltage Vin (+) and the negative 
side analog input voltage Vin (-) which are given in the circuit 4 of the next step are obtained 
from the inverted output terminal and noninverting output terminal of the operat.onal amplifier 
1 30 

[0215]Here, the profit of the subtraction amplifier 14a can be changed by changing the capacity 
value of the capacity value switching circuit 141,142. 

[0216]The switch Sa of the above-mentioned embodiment. S1a. S2a, S24, bZb. bzo, uza. 
S30, and S31 are formed, for example of an MOS (metal oxide semiconductor) field effect 
transistor 

[021 7]According to the above-mentioned embodiment, the switch Sa. S1a. S2a. S24. S25. S26 
S28 S29 S30 and S31 are used as a switch part of a switching means. In this case, the switch 
Sa S1a S2a S24 S25, S26, S28, S29. S30, and S31 can be changed to one or OFF at the time 
of manufacture or use. The switch part of a switching means is not limited to a switch For 
example, the fuse which can be blown out with laser may be used as a switch part, and the mask 
switch part for patterning of top layer metal may be used as a switch part. 

f021 81 Drawing 20 is a circuit diagram showing other examples of a switch part. In the example ot 
drawing 20 the fuse Fa is used instead of the switch Sa of the arithmetic amplifier 11a of 
drawingl. The fuse Fa can consist of polysilicon, for example, and can be blown out with laser. 
At the time of manufacture, the profit of the arithmetic amplifier 11a can be changed by whether 
laser is used and the fuse Fa is blown out. 

[021 91 Drawing 21 and drawing 22 are the figures showing the example of further others ot a 
switch part, show a top view to the upper part and show a sectional view to the lower part. 
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[0220]In the capacity formation section C500, the electrode 501,502 of the capacitor is formed 
of lower layer metal LM1 and LM2. The electrode 507.508 is formed of lower layer metal LM1. 
With the top layer metal UM, the electrode 512,513 is formed with a prescribed interval, and the 
electrode 514,515 is formed with the prescribed interval. The electrode 501 is connected to the 
electrode 512 via the metal in the through hole 503, and the electrode 502 is connected to the 
electrode 514 via the metal in the through hole 504. The electrode 507 is connected to the 
electrode 512 via the metal in the through hole 505, and the electrode 508 is connected to the 
electrode 515 via the metal in the through hole 506. 

[0221] For example, 507 is connected to the inversed input terminal of the operational amplifier 
1 10 of drawing 6 , and the electrode 508 is connected to the inverted output terminal of the 
operational amplifier 110 of drawing 6 . 

[0222]The capacity formation section C500 is formed of the electrode 501 ,502, and mask switch 
part municipal solid waste is formed between the electrodes 512,513 and of between the 
electrodes 514,515, respectively. The capacity formation block C500 is equivalent to capacitor 
Ca of drawing 6 , for example. 

[0223]At the time of manufacture, between the electrodes 512,513 and between the electrodes 
514,515 can be changed to a connected state and a cut off state by changing the pattern of the 
mask arranged on mask switch part municipal solid waste. 

[0224]As shown in drawing 21 , between the electrodes 512,513 and between the electrodes 
514,51 5 are connectable by using the mask that the metal layer 51 0,51 1 is formed with the top 
layer metal UM between the electrodes 512,513 and between the electrodes 514,515. 
[0225]As shown in drawing 22 . between the electrodes 512,513 and between the electrodes 
514.515 can be intercepted by using the mask that a metal layer is not formed with the top layer 
metal UM between the electrodes 512,513 and between the electrodes 514.515. 
[0226]In the example of drawing 21 and drawing 22 , the capacity formation section C500 is 
thoroughly separable from an operational amplifier by providing a mask switch part in the 
terminal of both capacity formation sections C500, respectively. 

[0227]In the circuit of the stages with an arbitrary analog-to-digital circuit in which this 
invention is not limited to the above-mentioned embodiment. At least one of the D/A converters 
which have an arithmetic amplifier which has a switchable profit, a subtraction amplifier which 
has a switchable profit, a sub A/D converter which has a switchable full-scale range, and a 
switchable full-scale range may be used. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention]This invention relates to the analog-to-digital circuit which has multi 
stage pipeline (step flash plate) composition. 



[Translation done.] 



htto://ww4.ipdl.inpit.^^ 



JP,2003-188727,A [PRIOR ART] 



Page 1 of 1 



* NOTICES * 
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2.**** shows the word which can not be translated. 
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PRIOR ART 

[Description of the Prior Art]In recent years, the demand of the analog-to-digital circuits for 
video signal processing (A/D converter) is large with progress of the digital processing art of a 
video signal. Since fast conversion operation was required of the analog-to-digital circuit for 
video signal processing, 2 step flash plate (parallel two steps) method was used widely 
conventionally. 

[0003] However, since conversion precision sufficient by 2 step flash plate method was no longer 
acquired with increase of the conversion number of bits, the analog-to-digital circuit which has 
multi stage pipeline (step flash plate) composition was developed. 

r0004l Drawing 23 is a block diagram showing the conventional analog-to-digital circuit indicated 
by JP,11-88172,A. The analog-to-digital circuit 100 of drawing 23 has 1 0-bit four- step pipeline 
constitution. 

[0005]In drawing 23 , the analog-to-digital circuit 100 comprises the circuits 3-6, two or more 
latch circuitry 7, and the output circuit 8 of the 2 or 1 st step - the 4th step of sample hold 

circuit. . 
[0006]The 1st (first rank) step - the 3rd step of circuits 3, 4, and 5 are provided with sub A/D 
converter 9, D/A converter 10, the arithmetic amplifier 1 1, the subtractor circuit 12, and the 
arithmetic amplifier 13. The subtractor circuit 12 and the arithmetic amplifier 13 constitute the 
subtraction amplifier 14. The profit of the arithmetic amplifier 11 in the 1st step of circuit 3 is 1, 
and the profit of the arithmetic amplifiers 11 and 13 in the arithmetic amplifier 13 in the 1st step 
of circuit 3, the 2nd step, and the 3rd step of circuit 4 and 5 is 2. The 4th (final stage) step of 
circuit 6 is provided only with sub A/D converter 9. 

[0007]4 bit configurations and the 2-4th step of circuits 4-6 of the 1st step of circuit 3 are 2 bit 
configurations, respectively. Similarly in the 1-3rd step of circuits 3-5, the number of bits (bit 
configuration) of sub A/D converter 9 and D/A converter 10 is set up. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[The means for solving a technical problem and an effect of the invention] (1) The analog-to- 
digital circuit concerning the 1st invention invention of the 1st, Have the multi stage pipeline 
constitution which consists of two or more steps of circuits, and the c.rcuit of each stage 
except the circuit of a final stage, The analog-digital converter which changes the inputted 
analog signal into a digital signal, The digital-to-analog converter which changes into an analog 
signal the digital signal outputted from an analog-digital converter, Have the 1 st arithmetic 
amplifier that amplifies the difference of the analog signal inputted and the analog signal 
outputted from a digital-to-analog converter, and the circuit of a final stage, The analog-digital 
converter which changes the inputted analog signal into a digital signal is included. The analog 
digital converter which has a switching means from which at least one step of circuit except the 
circuit of a final stage changes a full-scale range to two or more steps, At least one of the 1st 
arithmetic amplifiers that have a switching means which changes the digital-to-analog converter 
and profit which have a switching means which changes a full-scale range to two or more steps 
to two or more steps is included, And/or, the circuit of a final stage contains the analog-digital 
converter which has a switching means which changes a full-scale range to two or more steps. 
[0045]In an analog-to-digital circuit concerning this invention, An analog-digital converter which 
has a switching means from which at least one step of circuit except a circuit of a final stage 
changes a full-scale range to two or more steps, At least one of the 1 st arithmetic amplifiers 
that have a switching means which changes a digital-to-analog converter and a profit wh.ch have 
a switching means which changes a full-scale range to two or more steps, and to change to two 
or more steps is included, And/or, since a circuit of a final stage contains an analog-d.gital 
converter which has a switching means which changes a full-scale range to two or more steps 
At least one of a full-scale range of an analog-to-digital circuit, a full-scale range of a digital-to- 
analog converter, and profits of the 1 st arithmetic amplifier can be changed. 
[0046]Redesign of circuitry becomes unnecessary even if a voltage range of an analog input 
signal is changed by that cause by changing a differential double end input method into a single 
ended input method. Redesign of circuitry becomes unnecessary, when changing a voltage range 
of an analog input signal of a single-ended input, or also when changing a voltage range of an 
analog input signal of a differential double end input. 

[0047]Therefore, an input method between change of a voltage range of an analog input signal or 
a differential double end input, and a single-ended input can be changed easily, without 
redesigning circuitry. 

[0048]As a result, while being able to attain shortening of a development cycle of an analog to 
digital circuit, low power consumption can be easily performed by optimizing optimization of a 

voltage range. . . . n , . 

[0049](2) An analog-to-digital circuit concerning the 2nd invention invention of the 2nd, In 
composition of an analog-to-digital circuit concerning the 1 st invention, a circuit of each stage 
except a circuit of a final stage. The 2nd arithmetic amplifier of at least one step of c.rcu.t 
except a circuit of a final stage has a switching means which changes a profit to two or more 
steps, including further the 2nd arithmetic amplifier that amplifies an inputted analog s.gnal and is 
given to the 1 st arithmetic amplifier. 
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[0050]In this case, by changing a profit of the 2nd arithmetic amplifier of at least one step of 
circuit to two or more steps, It becomes possible to change an input method between change of 
a voltage range of an analog input signal or a differential double end input, and a single-ended 
input easily, without redesigning circuitry. 

[0051](3) In composition of an analog-to-digital circuit which an analog-to-digital circuit 
concerning the 3rd invention invention of the 3rd requires for the 1st or 2nd invention, the 1st 
arithmetic amplifier of at least one step of circuit except a circuit of a final stage has a switching 
means which changes a profit to two or more steps. 

[0052]In this case, by changing a profit of the 1 st arithmetic amplifier of at least one step of 
circuit to two or more steps, It becomes possible to change an input method between change of 
a voltage range of an analog input signal or a differential double end input, and a single-ended 
input easily, without redesigning circuitry. 

[0053](4) An analog-to-digital circuit concerning the 4th invention invention of the 4th, In 
composition of an analog-to-digital circuit concerning the 1st - the 3rd one of inventions, an 
analog-digital converter of at least one step of circuit has a switching means which changes a 

full-scale range to two or more steps. . 
[0054]In this case, a full-scale range of an analog-digital converter of at least one step of circuit 
to two or more steps by switchable ******. It becomes possible to change an input method 
between change of a voltage range of an analog input signal or a differential double end input, 
and a single-ended input easily, without redesigning circuitry. 

[0055](5) An analog-to-digital circuit concerning the 5th invention invention of the 5th, In 
composition of an analog-to-digital circuit concerning the 1st - the 4th one of inventions, a 
digital-to-analog converter of at least one step of circuit except a circuit of a final stage has a 
switching means which changes a full-scale range to two or more steps. 

[0056]In this case, by changing a full-scale range of a digital-to-analog converter of at least one 
step of circuit to two or more steps, It becomes possible to change an input method between 
change of a voltage range of an analog input signal or a differential double end input, and a 
single-ended input easily, without redesigning circuitry. 

[0057](6) An analog-to-digital circuit concerning the 6th invention invention of the 6th, In 
composition of an analog-to-digital circuit concerning the 2nd invention, the 2nd arithmetic 
amplifier of at least one step of circuit, It has input capacitance, feedback capacity, and an 
operational amplifier, an inputted analog signal is amplified on a profit which becomes settled with 
a value of input capacitance, and a value of feedback capacity, and a switching means contains a 
variable region which sets either [ at least ] a value of input capacitance, or a value of feedback 
capacity as variable. 

[0058]In this case, an inputted analog signal is amplified on a profit which becomes settled with a 
value of input capacitance, and a value of feedback capacity. Therefore, a profit of the 2nd 
arithmetic amplifier can be easily changed by changing either [ at least ] a value of input 
capacitance of an operational amplifier, or a value of feedback capacity. 

[0059](7) In composition of an analog-to-digital circuit which requires an analog-to-digital circuit 
concerning invention the 7th invention of the 7th for the 6th invention, a variable region contains 
a switch part changed to a state or the state where it connected too hastily where a part of 
input capacitance or feedback capacity was separated. 

[0060]In this case, input capacitance or feedback capacity of an operational amplifier can be 
changed by changing to a state or the state where it connected too hastily where a part of input 
capacitance or feedback capacity was separated by switch part. Thereby, a profit of the 2nd 
arithmetic amplifier can be changed easily. 

[0061](8) An analog-to-digital circuit concerning the 8th invention invention of the 8th, In 
composition of an analog-to-digital circuit concerning the 3rd invention, the 1 st arithmetic 
amplifier of at least one step of circuit, It has input capacitance, feedback capacity, and an 
operational amplifier, an inputted analog signal is amplified on a profit which becomes settled with 
a value of input capacitance, and a value of feedback capacity, and a switching means contains a 
variable region which sets either [ at least ] a value of input capacitance, or a value of feedback 
capacity as variable. 
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[0062]In this case, an inputted analog signal is amplified on a profit which becomes settled with a 
value of input capacitance, and a value of feedback capacity. Therefore, a profit of the 1st 
arithmetic amplifier can be easily changed by changing either [ at least ] a value of input 
capacitance of an operational amplifier, or a value of feedback capacity. 

[0063](9) In composition of an analog-to-digital circuit which requires an analog-to-digital circuit 
concerning invention the 9th invention of the 9th for the 8th invention, a variable region contains 
a switch part changed to a state or the state where it connected too hastily where a part of 
input capacitance or feedback capacity was separated. 

[0064]In this case, input capacitance or feedback capacity of an operational amplifier can be 
changed from changing to a state or the state where it connected too hastily where a part of 
input capacitance or feedback capacity was separated by switch part. Thereby, a profit of the 
1st arithmetic amplifier can be changed easily. 

[0065](10) An analog-to-digital circuit concerning the 10th invention invention of the 10th, In 
composition of an analog-to-digital circuit concerning the 9th invention, a switch part is 
connected to the 2nd capacity in series or in parallel including the 1st and 2nd capacity by which 
feedback capacity was provided in parallel or in series between an input terminal of an 
operational amplifier, and an output terminal. 

[0066]If a switch part is made into a connected state, the 1st and 2nd capacity will be 
connected in parallel or in series between an input terminal of an operational amplifier, and an 
output terminal. Thereby, feedback capacity increases or decreases. If a switch part is made into 
a cut off state, only the 1st capacity will be connected between an input terminal of an 
operational amplifier, and an output terminal. Thereby, feedback capacity decreases or increases. 

[0067](1 1) A switch part is connected to an output terminal of an operational amplifier in 
composition of an analog-to-digital circuit which requires an analog-to-digital circuit concerning 
invention the 1 1th invention of the 1 1th for the 10th invention. 

[0068]When the 2nd capacity is connected to an output side rather than a switch part, even if a 
switch part is set as a cut off state, parasitic capacitance of the 2nd capacity is charged. By 
that cause, it will be necessary to take parasitic capacitance into consideration, and a profit will 
vary with dispersion in parasitic capacitance at the time of setting out of a profit. Here, by 
connecting a switch part to an output side rather than the 2nd capacity, when a switch part is 
set as a cut off state, the 2nd capacity is separated from an output terminal by switch part with 
parasitic capacitance. Therefore, it becomes unnecessary to take parasitic capacitance of the 
2nd capacity into consideration at the time of setting out of a profit, and dispersion in a profit by 
dispersion in parasitic capacitance is lost. 

[0069](12) In composition of an analog-to-digital circuit which requires an analog-to-digital 
circuit concerning invention the 12th invention of the 12th for the 9th invention, input 
capacitance is provided in an input terminal of an operational amplifier in parallel or in series. 
[0070]If a switch part is made into a connected state, the 1st and 2nd capacity will be 
connected to an input terminal of an operational amplifier in parallel or in series. Thereby, input 
capacitance increases or decreases. Only the 1st capacity will be connected to an input terminal 
of an operational amplifier if a switch part is made into a cut off state. Thereby, input 
capacitance decreases or increases. 

[0071](13) A switch part is connected to an input side of the 2nd capacity in composition of an 
analog-to-digital circuit which requires an analog-to-digital circuit concerning invention the 13th 
invention of the 13th for the 12th invention. 

[0072lWhen the 2nd capacity is connected to an input side rather than a switch part, even if a 
switch part is set as a cut off state, parasitic capacitance of the 2nd capacity is charged. By 
that cause, it will be necessary to take parasitic capacitance into consideration, and a profit will 
vary with dispersion in parasitic capacitance at the time of setting out of a profit. Here, by 
connecting a switch part to an input side rather than the 2nd capacity, when a switch part is set 
as a cut off state, it is separated from a node in which the 2nd capacity receives an input signal 
by a switch part with parasitic capacitance. Therefore, it becomes unnecessary to take parasitic 
capacitance of the 2nd capacity into consideration at the time of setting out of a profit, and 
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dispersion in a profit by dispersion in parasitic capacitance is lost. 

[0073](14) An analog-to-digital circuit concerning the 14th invention invention of the 14th, In 
composition of an analog-to-digital circuit concerning the 4th invention, an analog-digital 
converter of at least one step of circuit, A switching means contains a variable region which sets 
as variable two or more reference voltage generated by circuit generating reference voltage 
including circuit generating reference voltage which generates two or more reference voltage, 
and two or more comparators compared with an analog signal into which two or more reference 
voltage generated by circuit generating reference voltage was inputted. 

[0074]In this case, a voltage range of reference voltage can be changed by changing reference 
voltage generated by circuit generating reference voltage. Thereby, a full-scale range of an 
analog-digital converter can be changed easily. 

[0075](15) An analog-to-digital circuit concerning the 15th invention invention of the 15th, In 
composition of an analog-to-digital circuit concerning the 5th invention, a digital-to-analog 
converter of at least one step of circuit except a circuit of a final stage, Circuit generating 
reference voltage which generates reference voltage, and two or more capacity connected to a 
common terminal. Two or more switches which give reference voltage which was connected 
between circuit generating reference voltage and two or more capacity, and was generated by 
circuit generating reference voltage according to a digital signal inputted to two or more 
capacity, respectively are included, A switching means contains a variable region which sets 
reference voltage generated by circuit generating reference voltage as variable. 
[0076]In this case, a voltage range of reference voltage can be changed by changing reference 
voltage generated by circuit generating reference voltage. Thereby, a full-scale range of a 
digital-to-analog converter can be changed easily. 
[0077] 

[Embodiment of the Invention](1) The 1st embodiment drawing 1 is a block diagram showing the 
composition of the pipeline type analog-to-digital circuit in a 1st embodiment of this invention. 
The analog-to-digital circuit of drawing 1 has 1 0-bit four-step pipeline constitution. 
[0078]In drawing 1 , the analog-to-digital circuit 1 comprises the circuits 3-6, two or more latch 
circuitry 7, and the output circuit 8 of the 2 or 1 st step - the 4th step of sample hold circuit. 
[0079]The 1st (first rank) step of circuit 3 is provided with the arithmetic amplifier 11a, the 
subtractor circuit 1 2, and the arithmetic amplifier 1 3 which have sub A/D converter 9a which 
has a switchable full-scale range, D/A converter 10, and a switchable profit. The subtractor 
circuit 12 and the arithmetic amplifier 13 constitute the subtraction amplifier 14. The 2nd step 
and the 3rd step of circuits 4 and 5 are provided with sub A/D converter 9, D/A converter 1 0, 
the arithmetic amplifier 11, the subtractor circuit 12, and the arithmetic amplifier 13. The 
subtractor circuit 12 and the arithmetic amplifier 13 constitute the subtraction amplifier 14. The 
4th (final stage) step of circuit 6 is provided only with sub A/D converter 9. 

[0080]That the pipeline type analog-to-digital circuit 1 of drawing 1 differs from the conventional 
analog-to-digital circuit 100 of drawing 20 , It is the point that the arithmetic amplifier 11a which 
has sub A/D converter 9a and the switchable profit which have a switchable full-scale range is 
used for the 1 st step of circuit 3. 

[0081]Here, the full-scale range of sub A/D converter 9 in the 1st step of circuit 3, It changes 
to voltage range VIN _ equal to it when the voltage range of an analog input signal is VIN p _ p , 
and when the voltage ranges of an analog input signal are VIN p _ p /2. it changes to voltage range 
VIN /2. [ equal to it ] The profit of the arithmetic amplifier 1 1a in the 1st step of circuit 3 is 
changed 1 time, when the voltage range of an analog input signal is VIN p _ p , and when the voltage 
ranges of an analog input signal are VIN p _ p /2, it is changed twice. 

[0082]The full-scale range of D/A converter 10 in the 1st step - the 3rd step of circuit 3-5 is 
fixed and the full-scale range of sub A/D converter 9 in the 2nd step - the 4th step of circuit 
4-6 is being fixed. The profit of the arithmetic amplifiers 11 and 13 in the arithmetic amplifier 13 
in the 1st step of circuit 3, the 2nd step, and the 3rd step of circuit 3 and 4 is 2. 
[0083]4 bit configurations and the 2-4th step of circuits 4-6 of the 1st step of circuit 3 are 2 bit 
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configurations, respectively. Similarly in the 1 -3rd step of circuits 3-5, the number of bits (bit 
configuration) of sub A/D converters 9 and 9a and D/A converter 10 is set up. 
[0084] Operation of the analog-to-digital circuit 1 of drawing 1 in case the voltage range of an 
analog input signal is VIN , and the voltage range of each part are the same as that of the 

analog-to-digital circuit 1 00 of drawing 20 . 

[0085]Here, operation of the analog-to-digital circuit 1 of drawing 1 in case the voltage ranges of 
an analog input signal are VIN p _ p /2, and the output voltage range of each part are explained. 
[0086]The sample hold circuit 2 samples the analog input signal Vin, and carries out fixed time 
maintenance. The analog input signal Vin outputted from the sample hold circuit 2 is transmitted 
to the 1 st step of circuit 3. 

[0087]In the 1st step of circuit 3, sub A/D converter 9a performs an analog to digital to the 
analog input signal Vin of voltage range VIN p _ p /2. The full-scale range of sub A/D converter 9a 

at this time is changed to VIN p _ p /2 as mentioned above. 

[0088]Top 4-bit digital output (2 9 , 2 8 , 2 7 , 2 6 ) which is an A/D conversion result of sub A/D 
converter 9a is transmitted to the output circuit 8 via the four latch circuitry 7 while it is 
transmitted to D/A converter 10. D/A converter 10 changes into an analog signal top 4-bit 
digital output which is an A/D conversion result of sub A/D converter 9a. 

[0089]Since the full-scale range of D/A converter 10 is being fixed to VIN p _ pI the normal output 

voltage range of D/A converter 10 is expressed like a following formula. 

[0090] 

(The 1st step of resolution-1) x(full-scale range of D/A converter 10)/(the 1st step of 
resolution) 

= (2 4 -1) x (VIN _ ) / 2 4 =15VIN /16 one side and the arithmetic amplifier 11a sample the 
analog input signal Vin, and amplify and hold it. As mentioned above, since a profit is changed 
twice when the voltage ranges of an analog input signal are VIN p _ p /2, the output voltage range of 

the arithmetic amplifier 11a is expressed like a following formula. 
[0091] 

(Voltage range of the analog input signal Vin) x (profit of the arithmetic amplifier 11a) 
= (VIN _ /2) The x2 =VIN subtraction amplifier 14 subtracts and amplifies the analog input 
signal Vin and the D/A conversion result of D/A converter 1 0 which were outputted from the 
arithmetic amplifier 11a. The output of the subtraction amplifier 14 is transmitted to the 2nd step 
of circuit 4. 

[0092]The output voltage range of the 1st step of subtraction amplifier 14 is expressed like a 
following formula. 

(Output voltage range of the arithmetic amplifier 1 1a) x (- (normal output voltage range of D/A 
converter 10)) (profit of the subtraction amplifier 14) 

= (VIN _ ) (- (15VIN /16)) In the x2 =VIN p _ p /82 step circuit 4, sub A/D converter 9 performs 

an A/D conversion to the output of the subtraction amplifier 14 of the 1st step of circuit 3. The 

A/D conversion result of sub A/D converter 9 is transmitted to the output circuit 8 via the 

three latch circuitry 7 while it is transmitted to D/A converter 10. Thereby, a 2-bit digital output 

(2 5 , 2 4 ) is obtained at least for Nakagami from the 2nd step of circuit 4. 

[0093]On the other hand, the arithmetic amplifier 11 amplifies the output of the subtraction 

amplifier 14 of the 1st step of circuit 3. The subtraction amplifier 14 subtracts and amplifies the 

output of the arithmetic amplifier 11, and the D/A conversion result of D/A converter 10. The 

output of the subtraction amplifier 14 is transmitted to the 3rd step of circuit 5. 

[0094]In the 3rd step of circuit 5, the same operation as the 2nd step of circuit 4 is performed 

to the output of the subtraction amplifier 14 of the 2nd step of circuit 4. Thereby, a 2-bit digital 

output (2 3 . 2 2 ) is obtained at least for Nakashita from the 3rd step of circuit 5. 

[0095]In the 4th step of circuit 6, sub A/D converter 9 performs an A/D conversion to the 

output of the subtraction amplifier 1 4 of the 3rd step of circuit 5. and the digital output (2 \ 2 ) 
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of 2 bits of low ranks is obtained. 

[0096]The digital output of the 1st step - the 4th step of circuits 3-6 arrives at the output 
circuit 8 simultaneously through each latch circuitry 7. That is, each latch circuitry 7 is formed in 
order to take the synchronization of the digital output of each circuits 3-6. 

[0097]The output circuit 8 carries out the after [ a digital compensation process ] parallel output 

of the 10-bit digital output Dout of the analog input signal Vin, when required. 

[0098]As mentioned above, when the voltage ranges of an analog input signal are VIN p _ p /2. By 

changing the full-scale range of the profit of the arithmetic amplifier 11a of the 1st step of 
circuit 3, and sub A/D converter 9a of the 1 st step of circuit 3, The voltage range of the output 
signal given in the 2nd step of circuit 5 is set to VIN p _ p /8 from the subtraction amplifier 14 of 
the 1st step of circuit 3 like the case where the voltage range of an analog input signal is VIN p _ p . 
Thereby, although the voltage range of the analog input signal Vin became half, the digital output 
same before the voltage range of an analog input signal becomes half is obtained. 
[0099]Therefore, the analog-to-digital circuit corresponding to change of the voltage range of an 
analog input signal can be provided, without changing a circuit design. 

[01 00] According to this embodiment, the analog-to-digital circuit of a differential double end 
input method can be changed into the analog-to-digital circuit of a single-ended input method, 
without changing circuitry. 

r0101l Drawing 2 (a) and (b) is a figure showing setting out in the case of changing the analog-to- 
digital circuit 1 of drawing 1 t o a differential double end input method and a single-ended input 
method, respectively. 

[0102]As shown in drawing 2 (a), at the time of a differential double end input, the profit of the 
arithmetic amplifier 1 1a is changed 1 time, and the full-scale range of sub A/D converter 9a is 
changed to 2VIN . In this example, the right side analog input voltage Vin of the analog input 
signal Vin of a differential double end input (+) changes in 1 .0V to 2.0V, and the negative side 
analog input voltage Vin (-) changes from 2.0V in 1.0V. The voltage range of the analog input 
signal Vin becomes like a following formula. 

[0103]The maximum of 2VIN p _ p = {Vin(+)-Vin (-)} - minimum =2.0 [V] of {Vin(+)-Vin (-)} 

In this case, the right side reference voltage Vref of sub A/D converter 9a (+) changes in 1 .0V to 

2.0V, and the negative side reference voltage Vref (-) changes from 2.0V in 1 .0V. 

[0104]As shown in drawing 2 (b), at the time of a single-ended input, the profit of the arithmetic 

amplifier 1 1 a is changed twice, and the full-scale range of sub A/D converter 9a is changed to 

VIN . The right side analog input voltage Vin of the analog input signal Vin of the single-ended 

input in this example (+) changes in 1 .0V to 2.0V, and that of the negative side analog input 
voltage Vin (-) is constant 1.5V. The voltage range of the analog input signal Vin becomes like a 
following formula. 

[0105]The maximum of VIN p _ p = {Vin(+)-Vin (-)} - minimum =1.0 [V] of {Vin(+)-Vin (-)) 

In this case, the right side reference voltage Vref of sub A/D converter 9a (+) changes in 1 .0V to 

2.0V, and its negative side reference voltage Vref (-) is constant 1 .5V. 

[0106]Thus, in the analog-to-digital circuit 1 of drawing 1 , even if the voltage range of an analog 
input signal is set to one half by changing a differential double end input method into a single- 
ended input method, redesign of circuitry becomes unnecessary. 

[01 07] Redesign of circuitry becomes unnecessary, when changing the voltage range of the 
analog input signal of a single-ended input into one half, and also when changing the voltage 
range of the analog input signal of a differential double end input into one half. 
[0108]Thus, in the same LSI (large scale integration circuit), the voltage range of the output of 
an analog input signal and an arithmetic amplifier, the output of a D/A conversion circuit, and the 
output of a subtraction amplifier can be changed programmably. As a result, while being able to 
attain shortening of a development cycle, it is also possible to perform low power consumption. 
[0109](2) The 2nd embodiment drawing 3 is a block diagram showing the composition of the 
pipeline type analog-to-digital circuit in a 2nd embodiment of this invention. The analog-to- 
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digital circuit 1 of drawing 3 also has 1 0-bit four-step pipeline constitution. 

[01 10]In drawing 3 , the analog-to-digital circuit 1 comprises the circuits 3-6, two or more latch 

circuitry 7, and the output circuit 8 of the 2 or 1 st step - the 4th step of sample hold circuit. 

[01 1 1]4 bit configurations and the 2-4th step of circuits 4-6 of the 1 st step of circuit 3 are 2 bit 

configurations, respectively. Similarly in the 1 -3rd step of circuits 3-5, the number of bits (bit 

configuration) of sub A/D converters 9 and 9b and D/A converters 1 0 and 1 0b is set up. 

[01 12]The 1st (first rank) step of circuit 3 is provided with the arithmetic amplifier 13a which has 

sub A/D converter 9, D/A converter 10, the arithmetic amplifier 1 1. the subtractor circuit 12, 

and a switchable profit. The subtractor circuit 12 and the arithmetic amplifier 13a constitute the 

subtraction amplifier 14a. 

[01 13]The 2nd step and the 3rd step of circuits 4 and 5 are provided with sub A/D converter 9b 
which has a switchable full-scale range, D/A converter 10b which has a switchable full-scale 
range, the arithmetic amplifier 11, the subtractor circuit 12, and the arithmetic amplifier 13. The 
subtractor circuit 12 and the arithmetic amplifier 13 constitute the subtraction amplifier 14. The 
4th (final stage) step of circuit 6 is provided only with sub A/D converter 9b which has a 
switchable full-scale range. 

[01 14]Here, the 2nd step - the 4th step of sub A/D converter 9b shall have the 2nd step - the 
4th step of A/D converter 9 of drawing 20 t wice the accuracy of sub. Redesign of the analog- 
to-digital circuit 1 at the time of using for the 2nd step - the 4th step hereafter sub A/D 
converter 9b which has twice as many accuracy as this is explained. 

[01 15]It is switchable 1 time and twice in the profit of the subtraction amplifier 14a in the 1st 
step of circuit 3. It is switchable to VIN p _ p /8, and VIN p _ p /16 in the full-scale range of sub A/D 
converter 9b in the 2nd step - the 4th step of circuit 4-6. It is switchable to VIN p _ p /4, and 

VIN /8 in the full-scale range of D/A converter 10b in the 2nd step and the 3rd step of circuit 
p -p 

4 and 5. 

[01 16]Here, the profit of the subtraction amplifier 14a in the 1st step of circuit 3 is changed 1 
time. The full-scale range of sub A/D converter 9b in the 2nd step - the 4th step of circuit 4-6 
is changed to VIN /16, and the full-scale range of D/A converter 10b in the 2nd step and the 
3rd step of circuit 4 and 5 is changed to VIN p _ p /8. The full-scale range of sub A/D converter 9 
in the 1st step of circuit 3 is VIN _ . The profit of the arithmetic amplifiers 1 1 and 13 in the 2nd 
step and the 3rd step of circuit 3 and 4 is 2. 

[0117]Here, operation of the analog-to-digital circuit 1 of drawing 1 in case the voltage range of 
an analog input signal is VIN p _ p , and the output voltage range of each part are explained. 
[01 18]The sample hold circuit 2 samples the analog input signal Vin, and carries out fixed time 
maintenance. The analog input signal Vin outputted from the sample hold circuit 2 is transmitted 
to the 1st step of circuit 3. 

[01 19]In the 1st step of circuit 3, sub A/D converter 9 performs an analog to digital to the 
analog input signal Vin of voltage range VIN p _ p . The full-scale range of sub A/D converter 9 at 

this time is VIN p _ p . 

[0120]Top 4-bit digital output (2 9 f 2 8 , 2 7 f 2 6 ) which is an A/D conversion result of sub A/D 
converter 9 is transmitted to the output circuit 8 via the four latch circuitry 7 while it is 
transmitted to D/A converter 10. D/A converter 10 changes into an analog signal top 4-bit 
digital output which is an A/D conversion result of sub A/D converter 9. 

[0121]Since the full-scale range of D/A converter 10 is being fixed, the normal output voltage 

range of D/A converter 10 is expressed like a following formula. 

[0122] 

(The 1st step of resolution-1) x(full-scale range of D/A converter 10)/(the 1st step of 
resolution) 

= (2 4 -1) x (VIN _ ) / 2 4 =15VIN p _ p /16 one side and the arithmetic amplifier 1 1 sample the 
analog input signal Vin, and amplify and hold it. Since the profit of the arithmetic amplifier 1 1 is 1 
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time, the output voltage range of the arithmetic amplifier 1 1 is expressed like a following formula. 
[0123] 

(Voltage range of the analog input signal Vin) x (profit of the arithmetic amplifier 11) 

= The VIN x1 =VIN subtraction amplifier 14a subtracts and amplifies the analog input signal 
p-p p-p 

Vin and the D/A conversion result of D/A converter 10 which were outputted from the 
arithmetic amplifier 1 1. The output of the subtraction amplifier 14a is transmitted to the 2nd step 
of circuit 4. 

[0124]Since the profit of the 1st step of subtraction amplifier 14a is changed to 1 , the output 
voltage range of the 1st step of subtraction amplifier 14a is expressed like a following formula. 
[0125] 

(Output voltage range of the arithmetic amplifier 1 1) x (- (normal output voltage range of D/A 
converter 1 0)) (profit of the subtraction amplifier 1 4a) 

= (VIN _ ) (- (15VIN /16)) In the x1 =VIN p _ p /162 step circuit 4, sub A/D converter 9b 
performs an A/D conversion to the output of the subtraction amplifier 14a of the 1st step of 
circuit 3. The A/D conversion result of sub A/D converter 9b is transmitted to the output circuit 
8 via the three latch circuitry 7 while it is transmitted to D/A converter 10b. 
[0126]In this case, since sub A/D converter 9b has A/D converter 9 of drawing 20 twice the 
accuracy of sub, A 2-bit digital output (2 5 , 2 4 ) is obtained at least for Nakagami from the 2nd 
step of circuit 4 by full-scale range VIN /16 of the half of sub A/D converter 9 of drawing 20 . 
[0127]At least Nakagami whose D/A converter 10b is an A/D conversion result of sub A/D 
converter 9b changes a 2-bit digital output into an analog signal. 

[0128]Since the full-scale range of D/A converter 10b is changed to VIN p _ p /8 of the half of D/A 
converter 10 of drawing 20 , the normal output voltage range of D/A converter 10b is expressed 
like a following formula. 
[0129] 

(The 2nd step of resolution-1) x (full-scale range of D/A converter 10b) 
/(the 2nd step of resolution) 

= (2 2 -1) x (VIN _ /8) / 2 2 =3VIN p _ p /32 one side and the arithmetic amplifier 1 1 amplify the 

output of the subtraction amplifier 14a of the 1st step of circuit 3. As mentioned above, since 
the profit of the subtraction amplifier 14a of the 1st step of circuit 3 is changed to 1, the output 
voltage range of the arithmetic amplifier 1 1a is expressed like a following formula. 
[0130] 

(Output voltage range of the 1st step of subtraction amplifier 14a) x (profit of the arithmetic 
amplifier 11) 

= (VIN /16) The x2 =VIN /8 subtraction amplifier 14 subtracts and amplifies the output of 
p-p P~ P 

the arithmetic amplifier 1 1, and the D/A conversion result of D/A converter 10b. The output of 
the subtraction amplifier 14 is transmitted to the 3rd step of circuit 5. 

[0131]The output voltage range of the 2nd step of subtraction amplifier 14 is expressed like a 

following formula. r rwA 

(Output voltage range of the arithmetic amplifier 1 1) x (- (normal output voltage range of D/A 
converter 10b)) (profit of the subtraction amplifier 14) 

= (VIN _ /8) (- (3VIN _ p /32)) In the x2 =VIN p _ p /163 step circuit 5, the same operation as the 
2nd step of circuit 4 is performed to the output of the subtraction amplifier 14 of the 2nd step of 
circuit 4. In this case, since sub A/D converter 9b has A/D converter 9 of drawing 20 twice the 
accuracy of sub, A 2-bit digital output (2 3 , 2 2 ) is obtained at least for Nakashita from the 3rd 
step of circuit 5 by full-scale range VIN / 1 6 of the half of sub A/D converter 9 of drawing 20. 

The output voltage range of each part is the same as that of the 2nd step of circuit 4. 
[0132]In the 4th step of circuit 6, sub A/D converter 9b performs an A/D conversion to the 
output of the subtraction amplifier 14 of the 3rd step of circuit 5. In this case, since sub A/D 
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* converter 9b has A/D converter 9 of drawing 20 t wice the accuracy of sub, The digital output (2 
\ 2 °) of 2 bits of low ranks is obtained from the 4th step of circuit 6 by full-scale range VIN p _ 
/1 6 of the half of sub A/D converter 9 of drawing 20 . 

p 

[0133]The digital output of the 1st step - the 4th step of circuits 3-6 arrives at the output 
circuit 8 simultaneously through each latch circuitry 7. That is, each latch circuitry 7 is formed in 
order to take the synchronization of the digital output of each circuits 3-6. 

[0134]The output circuit 8 carries out the after [ a digital compensation process ] parallel output 

of the 10-bit digital output Dout of the analog input signal Vin, when required. 

[0135]As mentioned above, in the analog-to-digital circuit 1 of drawing 3 . Although the voltage 

range of each part of the circuits 4-6 after the 2nd step became half [ of the analog-to-digital 

circuit 100 of drawing 20 ] by using sub A/D converter 9b which has twice as many accuracy as 

this, the digital output same before a voltage range becomes half is obtained. 

[01 36]In this case, the alternating current component of current which flows through the circuits 

3-6 of each stage decreases by optimizing a voltage range to sub A/D converter 9b which has 

twice as many accuracy as this, and setting it as a half. Thereby, the consumed electric current 

can provide the analog-to-digital circuit by which reduction was carried out by optimizing a 

voltage range, without changing a circuit design. 

[0137](3) Circuitry drawing 4 of each part is a circuit diagram showing the 1st example of the 
composition of the arithmetic amplifier 11a in the analog-to-digital circuit 1 of drawing 1 . 
[0138]The arithmetic amplifier 1 1a of drawing 4 includes the operational amplifier 1 10, the 
capacity value switching circuit 1 1 1 ,1 1 2, the capacitor 1 1 3,1 1 4, and the switches 1 1 5-1 22. The 
switches 115-122 are constituted by the MOS (metal oxide semiconductor) transistor, for 
example. 

[0139]The capacity value switching circuit 1 1 1 is connected as feed back capacity between the 
inversed input terminal of the operational amplifier 110, and an inverted output terminal, and the 
capacity value switching circuit 112 is connected as feed back capacity between the non- 
inversed input terminal and the noninverting output terminal. The capacitor 1 13 is connected to 
the inversed input terminal of the operational amplifier 1 10 as input capacitance, and the 
capacitor 1 14 is connected to the non-inversed input terminal as input capacitance. 
[0140]The right side analog input voltage Vin (+) and middle reference voltage VRT1 are given to 
the capacitor 1 1 3 via the switch 1 1 5,1 1 6, respectively. The negative side analog input voltage 
Vin (-) and middle reference voltage VRT1 are given to the capacitor 114 via the switch 1 17,1 18, 
respectively. The inversed input terminal, the inverted output terminal, non-inversed input 
terminal, and noninverting output terminal of the operational amplifier 1 10 are grounded via the 
switch 119,120,121,122, respectively. 

[01 41 ]If capacity value of the capacitor 113,114 is set to CA, respectively and capacity value of 
the capacity value switching circuit 1 1 1,1 12 is set to CB here, respectively. The right side analog 
output voltage Vo of the inverted output terminal of the operational amplifier 1 10 (+) and the 
negative side analog output voltage Vo of a noninverting output terminal (-) become like a 
following formula. 
[0142] 

Vo(+) = (Vin(+)-VRT1) and (CA/CB) 
Vo(-) = (Vin(-)-VRTD and (CA/CB) 
delta Vo=Vo(+)-Vo (-) 
= (Vin(+)-Vin (-)) -(CA/CB) 

Therefore, the profit of the arithmetic amplifier 1 1a can be changed by changing the capacity 
value CB of the capacity value switching circuit 1 1 1,1 12. 

r0143] Drawing 5 is a circuit diagram showing the 2nd example of the composition of the 
arithmetic amplifier 1 1a in the analog-to-digital circuit 1 of drawing 1 . 
[0144]The arithmetic amplifier 11a of drawing 5 includes the operational amplifier 110, the 
capacitor 123,124, the capacity value switching circuit 125,126, and the switches 1 15-122. 
[0145]The capacitor 123 is connected as feed back capacity between the inversed input terminal 
of the operational amplifier 110, and an inverted output terminal, and the capacitor 124 is 
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connected as feed back capacity between the non-inversed input terminal and the noninverting 
output terminal. The capacity value switching circuit 125 is connected to the inversed input 
terminal of the operational amplifier 110 as input capacitance, and the capacity value switching 
circuit 126 is connected to the non-inversed input terminal as input capacitance. 
[0146]The right side analog input voltage Vin (+) and middle reference voltage VRT1 are given to 
the capacity value switching circuit 125 via the switch 115,116, respectively. The negative side 
analog input voltage Vin (-) and middle reference voltage VRT1 are given to the capacity value 
switching circuit 126 via the switch 117,1 18, respectively. The inversed input terminal, the 
inverted output terminal, non-inversed input terminal, and noninverting output terminal of the 
operational amplifier 1 10 are grounded via the switch 1 19,120,121,122, respectively. 
[0147]If capacity value of the capacity value switching circuit 125,126 is set to CC. respectively 
and capacity value of the capacitor 123.124 is set to CD here, respectively. The right side analog 
output voltage Vo of the inverted output terminal of the operational amplifier 1 10 (+) and the 
negative side analog output voltage Vo of a noninverting output terminal (-) become like a 
following formula. 
[0148] 

Vo(+) = (Vin(+)-VRT1) and (CC/CD) 
Vo(-) = (Vin(-)-VRTD and (CC/CD) 
deltaVo=Vo(+)-Vo (-) 
= (Vin(+)-Vin (-)) -(CC/CD) 

Therefore, the profit of the arithmetic amplifier 1 1a can be changed by changing capacity value 
CC of the capacity value switching circuit 125,126. 

f0 149] Drawing 6 - drawing 1 1 are the circuit diagrams showing the 1st - the 6th example of the 
concrete circuitry of the arithmetic amplifier 11a. 

[0150]In drawing 6 - drawing 1 1 . each of the capacitors Ca, Cb, and Cc shall have the equal 
capacity value C. Let m be arbitrary positive integers. 

[0151]In the example of drawing 6 , the parallel circuit and the switch Sa of m capacitor Ca are 
connected in series between the inversed input terminal of the operational amplifier 110. and an 
inverted output terminal, and the parallel circuit of m capacitor Ca is connected. Here, m is 
arbitrary positive integers. Similarly, the parallel circuit and the switch Sa of m capacitor Ca are 
connected in series between the non-inversed input terminal of the operational amplifier 1 10, 
and a noninverting output terminal, and the parallel circuit of m capacitor Ca is connected. The 
2m piece capacitor Cb is connected to the inversed input terminal of the operational amplifier 
1 10, and the 2m piece capacitor Cb is connected to the non-inversed input terminal. 
[0152]The right side analog input voltage Vin (+) is given to the 2m piece capacitor Cb by the 
side of an inversed input terminal via the switch S1 , respectively. The negative side analog input 
voltage Vin (-) is given to the capacitor Cb by the side of a non-inversed input terminal via the 
switch S1, respectively. The high potential side reference voltage VRT is given to the m 
capacitors Cb by the side of an inversed input terminal, and the m capacitors Cb by the side of a 
non-inversed input terminal via the switch S2, respectively, The low voltage side reference 
voltage VRB is given to the m capacitors Cb by the side of a non-inversed input terminal, and 
the m capacitors Cb by the side of a non-inversed input terminal via the switch S2, respectively. 

[0153]In this example, the values of input capacitance are 2mC. If the switch Sa is carried out to 
one the value of feed back capacity will serve as 2mC. and if the switch Sa is turned OFF. the 
value of feed back capacity will serve as mC. Therefore, at the time of a differential double end 
input, by changing the switch Sa to one, a profit will be 1 time and a profit will be twice by 
changing the switch Sa to OFF at the time of a single-ended input. 

[0154]In the example of drawing 7 , the parallel circuit of 2m piece capacitor Ca and the parallel 
circuit of 2m piece capacitor Cc are connected in series between the inversed input terminal of 
the operational amplifier 1 10, and an inverted output terminal, and the switch Sa is connected in 
parallel with capacitor Cc. Similarly, the parallel circuit of 2m piece capacitor Ca and the parallel 
circuit of 2m piece capacitor Cc are connected in series between the non-inversed input 
terminal of the operational amplifier 110, and a noninverting output terminal, and the switch Sa is 
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connected in parallel with capacitor Cc. The composition of other portions of the arithmetic 
amplifier 1 1 a of drawing 7 is the same as that of the arithmetic amplifier 1 1 a of drawing 6 . 
[0155]In this example, the values of input capacitance are 2mC. If the switch Sa is carried out to 
one, the value of feed back capacity will serve as 2mC, and if the switch Sa is turned OFF, the 
value of feed back capacity will serve as mC. Therefore, at the time of a differential double end 
input, by changing the switch Sa to one, a profit will be 1 time and a profit will be twice by 
changing the switch Sa to OFF at the time of a single-ended input. 

[0156]In the example of drawing 8 , the parallel circuit of 2m piece capacitor Ca and the parallel 
circuit of 2m piece capacitor Cc are connected in series between the inversed input terminal of 
the operational amplifier 1 10, and an inverted output terminal, and the switch Sa is connected in 
parallel with capacitor Ca. Similarly, the parallel circuit of 2m piece capacitor Ca and the parallel 
circuit of 2m piece capacitor Cc are connected in series between the non-inversed input 
terminal of the operational amplifier 1 10, and a noninverting output terminal, and the switch Sa is 
connected in parallel with capacitor Ca. The composition of other portions of the arithmetic 
amplifier 1 1 a of drawing 8 is the same as that of the arithmetic amplifier 1 1 a of drawing 6. 
[0157]In this example, the values of input capacitance are 2mC. If the switch Sa is carried out to 
one, the value of feed back capacity will serve as 2mC, and if the switch Sa is turned OFF, the 
value of feed back capacity will serve as mC. Therefore, at the time of a differential double end 
input, by changing the switch Sa to one, a profit will be 1 time and a profit will be twice by 
changing the switch Sa to OFF at the time of a single-ended input. 

[0158]In the example of drawing 9 , the parallel circuit of m capacitor Ca is connected between 
the inversed input terminal of the operational amplifier 110, and the inverted output terminal. 
Similarly, the parallel circuit of m capacitor Ca is connected between the non-inversed input 
terminal of the operational amplifier 110, and the noninverting output terminal. The 2m piece 
capacitor Cb is connected to the inversed input terminal of the operational amplifier 110, and the 
2m piece capacitor Cb is connected to the non-inversed input terminal. 

[0159]The right side analog input voltage Vin (+) is given to the 2m piece capacitor Cb by the 
side of an inversed input terminal via the switch S1 and S1a, respectively. The negative side 
analog input voltage Vin (-) is given to the capacitor Cb by the side of a non-inversed input 
terminal via the switch S1 and S1a, respectively. The high potential side reference voltage VRT 
is given to the m capacitors Cb by the side of an inversed input terminal, and the m capacitors 
Cb by the side of a non-inversed input terminal via the switch S2 and S2a, respectively, The low 
voltage side reference voltage VRB is given to the m capacitors Cb by the side of a non- 
inversed input terminal, and the m capacitors Cb by the side of a non-inversed input terminal via 
the switch S2 and S2a, respectively. 

[0160]In this example, the value of feed back capacity is mC. If the switch S1a and S2a are 
made one, the value of input capacitance will serve as 2mC, and if the switch S1a and S2a are 
turned OFF, the value of input capacitance will serve as mC. Therefore, at the time of a 
differential double end input, by always turning OFF the switch S1a and S2a, a profit will be 1 
time and a profit will be twice by carrying out switching operation of the switch S1a and the S2a 
like the switch S1 and S2 at the time of a single-ended input. 

[0161]In the example of drawing 1 0 , the parallel circuit of m capacitor Ca is connected between 
the inversed input terminal of the operational amplifier 110, and the inverted output terminal. 
Similarly the parallel circuit of m capacitor Ca is connected between the non-inversed input 
terminal of the operational amplifier 110, and the noninverting output terminal. The parallel circuit 
of 2m piece capacitor Cc is connected to the inversed input terminal of the operational amplifier 
110 the 2m piece capacitor Cb is connected to the parallel circuit of capacitor Cc, and the 
switch Sa is connected in parallel with capacitor Cc. The parallel circuit of 2m piece capacitor 
Cc is connected to a non-inversed input terminal, the 2m piece capacitor Cb is connected to the 
parallel circuit of capacitor Cc, and the switch Sa is connected in parallel with capacitor Cc. The 
composition of other portions of the arithmetic amplifier 11a of drawing 10 is the same as that of 
the arithmetic amplifier 1 1a of drawing 6 . 

[0162]In this example, the value of feed back capacity is mC. If the switch Sa is earned out to 
one, the value of input capacitance will serve as 2mC, and if the switch Sa is turned OFF, the 
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value of input capacitance will serve as mC. Therefore, at the time of a differential double end 
input, by turning OFF the switch Sa, a profit will be 1 time and a profit will be twice by carrying 
out the switch Sa to one at the time of a single-ended input. 

[0163]In the example of drawing 1 1 , the parallel circuit of m capacitor Ca is connected between 
the inversed input terminal of the operational amplifier 110, and the inverted output terminal. 
Similarly, the parallel circuit of m capacitor Ca is connected between the non-inversed input 
terminal of the operational amplifier 110, and the noninverting output terminal. The parallel circuit 
of 2m piece capacitor Cc is connected to the inversed input terminal of the operational amplifier 
110 the 2m piece capacitor Cb is connected to the parallel circuit of capacitor Cc, and the 
switch Sa is connected to the capacitor Cb in parallel. The parallel circuit of 2m piece capacitor 
Cc is connected to a non-inversed input terminal, the 2m piece capacitor Cb is connected to the 
parallel circuit of capacitor Cc, and the switch Sa is connected to the capacitor Cb in parallel. 
The composition of other portions of the arithmetic amplifier 1 1a of drawing 1 1 is the same as 
the composition of the arithmetic amplifier 1 1 a of drawing 6 . 

[0164]In this example, the value of feed back capacity is mC. If the switch Sa is carried out to 
one the value of input capacitance will serve as 2mC, and if the switch Sa is turned OFF, the 
1 value of input capacitance will serve as mC. Therefore, at the time of a differential double end 
input, by turning OFF the switch Sa. a profit will be 1 time and a profit will be twice by carrying 
out the switch Sa to one at the time of a single-ended input. 

[0165]In the arithmetic amplifier 1 1a of drawing 6 - drawing 1 1 , the switch Sa is constituted by 
the MOS transistor as mentioned above. The diffusion capacitance of a MOS transistor is added 
to the node to which the switch Sa is connected by that cause, and gate capacitance is added at 
the time of one of the switch Sa. If capacity is added to the inversed input terminal or non- 
inversed input terminal of the operational amplifier 110, the working speed of the arithmetic 
amplifier 11a will fall. 

[0166]The switch Sa is connected to the inverted output terminal and noninverting output 
terminal of the operational amplifier 1 1 0 in the example of drawing 6 and drawing 7 . Thereby, the 
working speed of the arithmetic amplifier 11a does not fall. Therefore, the example of drawing 6 

and drawing 7 is preferred. . . 

[0167]Since on resistance exists at the time of one of the switch Sa when the switch Sa is 
connected in parallel with a capacitor, the capacity of a capacitor is thoroughly unseparable. 
[0168]In the example of drawing 6 , the switch Sa is connected to capacitor Ca in series, and the 
switch Sa is connected to the inverted output terminal and noninverting output terminal of the 
operational amplifier 1 1 0. Thereby, the capacity of capacitor Ca is thoroughly separable at the 
time of one of the switch Sa. Therefore, the example of drawing 6 is the most preferred. 
[0169]In the example of drawing 9 , the switch S1a and S2a are connected to the input side 
rather than the capacitor Cb. On the contrary, when the capacitor Cb is connected to the input 
side rather than the switch S1a and S2a, even if the switch S1a and S2a are set as an OFF 
state, the parasitic capacitance of the capacitor Cb is charged. By that cause, it will be 
necessary to take parasitic capacitance into consideration, and a profit will vary with dispersion 
in parasitic capacitance at the time of setting out of a profit. Like the example of drawing 9 , by 
connecting the switch S1a and S2a to an input side rather than the capacitor Cb, when the 
switch S1a and S2a are set as an OFF state, the capacitor Cb is separated by the switch S1a 
and S2a with parasitic capacitance. Therefore, in the example of drawing 9, it becomes 
unnecessary to take the parasitic capacitance of the capacitor Cb into consideration at the time 
of setting out of a profit, and dispersion in the profit by dispersion in parasitic capacitance is 

lost. . 
[0170]The circuit diagram showing the 1st example of the composition of sub A/D converter 
[ in / in drawing 1 2 / the analog-to-digital circuit 1 of drawing 1 ] 9a and drawing 13 are the 
circuit diagrams showing the composition of the comparator used for sub A/D converter 9a of 

drawing 12 . no 
[0171]Sub A/D converter 9a is provided with the circuit generating reference voltage 9Z, yja, 
and 93b and two or more comparators 90 which generate reference voltage in drawing 1 2 . 
[0172]The circuit generating reference voltage 92 consists of two or more resistance R 
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connected in series. The circuit generating reference voltage 93a consists of two or more 
resistance R connected in series. The circuit generating reference voltage 93b consists of two 
or more resistance R1 connected in series. Two or more resistance R has equal resistance, and 
two or more resistance Rl has equal resistance. 

[0173]The circuit generating reference voltage 92 is connected between the node N91 which 
receives the high potential side reference voltage VRT, and the node N92 which receives the low 
voltage side reference voltage VRB. The circuit generating reference voltage 93a is connected 
via the switch S24 and S25 between the node N93 which receives the high potential side 
reference voltage VRT, and the node N94 which receives the low voltage side reference voltage 
VRB. The circuit generating reference voltage 93b is connected between the node N93 which 
receives the high potential side reference voltage VRT, and the node N94 which receives the low 
voltage side reference voltage VRB. The switch S26 is connected between the intermediate 
node N95 of the circuit generating reference voltage 93a, and the intermediate node N96 of the 
circuit generating reference voltage 93b. 

[0174]Reference voltage which is different at the node during the resistance R of the circuit 
generating reference voltage 92, respectively is generated. Similarly, reference voltage which is 
different at the node during the resistance R of the circuit generating reference voltage 93a, 
respectively is generated. Here, different reference voltage obtained by the circuit generating 
reference voltage 92 is called the right side reference voltage Vref (+). Different reference 
voltage obtained by the circuit generating reference voltage 93a is called the negative side 
reference voltage Vref (-). 

[0175]MiddIe reference voltage VRT1 (=(VRT-VRB)/2) which is the middle voltage of the high 
potential side reference voltage VRT and the low voltage side reference voltage VRB is 
generated by the intermediate node N96 of the circuit generating reference voltage 93b. 
[0176]As shown in drawing 13 , each comparator 90 includes the operational amplifier 91, the 
capacitor C1, C2, and the switches S13-S18. The switch S13 is connected between the inversed 
input terminal of the operational amplifier 91, and an inverted output terminal, and the switch 
S14 is connected between the non-inversed input terminal and the noninverting output terminal. 
The capacitor C1 is connected to the inversed input terminal of the operational amplifier 91, and 
the capacitor C2 is connected to the non-inversed input terminal. The switch S15 and S16 are 
connected to the capacitor C1, and the switch S17 and S18 are connected to the capacitor C2. 
In drawing 1 2 , the switch S13 of each comparator 90 and the graphic display of S14 are omitted. 
[0177]The right side analog input voltage Vin (+) and the right side reference voltage Vref (+) are 
given to the capacitor C1 via the switch S15 and S16, respectively. The negative side analog 
input voltage Vin (-) and the negative side reference voltage Vref (-) are given to the capacitor 
C2 via the switch S17 and S18, respectively. 

[0178]In the initial state, and the switch S16 and S18 turn off. [ the switch S13 S14, S15, and 
S17 ] Next, the one [ the switch S15 and S17 are turned off and / the switch S16 and S18 ] 
after turning off the switch S13 and S14. Since the inversed input terminal and non-inversed 
input terminal of the operational amplifier 91 are floating when the switch S13 and S14 are 
turned off, The voltage of an inversed input terminal changes (Vin(+)-Vref (+)), and the voltage of 
a non-inversed input terminal changes (Vin(-)-Vref (-)). As a result, differential analog input 
voltage (Vin(+)-Vin (-)) and differential reference voltage (Vref(+)-Vref (-)) are measured, and 
right side analog-output-voltage Vout (+) and negative side analog-output-voltage Vout (-) 
change according to a comparison result. 

[0179]The digital code Dcode can be obtained by encoding the comparison result of two or more 
comparators 90 of drawing 12 with the encoder 950. 

[0180]In sub A/D converter 9a of drawing 12 , at the time of a differential double end input, and 
the switch S26 is turned off. [ the switch S24 and S25 ] Thereby, the negative side reference 
voltage Vref (-) which changes with circuit generating reference voltage 93a via the switch S18, 
respectively to the capacitor C2 of each comparator 90 is given. At the time of a single-ended 
input, the switch S24 and S25 are turned off and the switch S26 is carried out to one. Thereby, 
middle reference voltage VRT1 is given to the capacitor C2 of each comparator 90 by the circuit 
generating reference voltage 93b via the switch S18. 

http://www4.ipdl.inpit.go jp/cgi-biii/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww... 4/13/2008 



JP,2003-188727,A [EFFECT OF THE INVENTION] 



Page 14 of 17 



[0181]Thus f a full-scale range is changed in sub A/D converter 9a. 

[0182]The switch S26 may be connected between the intermediate node N95 of the circuit 
generating reference voltage 93a, and the intermediate node of the circuit generating reference 
voltage 92, without forming the circuit generating reference voltage 93b. 

[0183]The circuit diagram showing the 2nd example of the composition of sub A/D converter 
[ in / in drawing 14 / the analog-to-digital circuit 1 of drawing 1 ] 9a and drawing 15 are the 
circuit diagrams showing the composition of the comparator used for sub A/D converter 9a of 
drawing 14 . 

[0184]In drawing 1 4 , the switch S26 of drawing 1 2 is not connected between the intermediate 
node N95 of the circuit generating reference voltage 93a, and the intermediate node N96 of the 
circuit generating reference voltage 93b. 

[0185]As shown in drawing 15 , each comparator 90 includes the operational amplifier 91, the 
capacitor C1, C2, and the switches S13-S18, and contains the switch S21 and S22 further. One 
end of the switch S21 is connected to the capacitor C1, and the other end of the switch S21 is 
opened wide. One end of the switch S22 is connected to the capacitor C2, and the other end is 
connected to the intermediate node N96 of the reference voltage generating time 93b of drawing 
14. The composition of other portions of the comparator 90 of drawing 15 is the same as the 
composition of the comparator 90 of drawing 13 . 

[0186]Middle reference voltage VRT1 is given to the capacitor C2 by the reference voltage 
generating time 93b via the switch S22. 

[0187]Operation of the comparator 90 of drawing 15 at the time of a differential double end input 
is the same as operation of the comparator 90 of drawing 1 3 . At this time, the switch S21 and 
S22 are always turned off. At the time of a single-ended input, the switch S22 is operated 
instead of the switch S18. At this time, the switch S21 is always turned off. 
[0188]The one [ the switch S24 and S25 ] at the time of a differential double end input in sub 
A/D converter 9a of drawing 14 . At this time, the switch S21 and S22 are always turned OFF. 
Thereby, the negative side reference voltage Vref (-) which changes with circuit generating 
reference voltage 93a via the switch S18, respectively to the capacitor C2 of each comparator 
90 is given. At the time of a single-ended input, the switch S24 and S25 are turned off and the 
switch S22 is operated instead of the switch S18. At this time, the switch S21 is always turned 
off. Thereby, middle reference voltage VRT1 is given to the capacitor C2 of each comparator 90 
by the circuit generating reference voltage 93b via the switch S22. 
[0189]Thus, a full-scale range is changed in sub A/D converter 9a. 

[01 90] Although it is not necessary to form the switch S21 in each comparator 90, in order to 
secure the symmetry of the circuitry of the comparator 90, it is preferred to form the switch 
S21. 

r019n Drawing 16 is a circuit diagram of sub A/D converter 9b in the 2nd step of circuit 4 in the 
analog-to-digital circuit 1 of drawing 3 . Sub A/D converter 9b of drawing 1 6 is a full-parallel 
comparison (flash plate) method sub A/D converter. 

[0192]Sub A/D converter 9b comprises the circuit generating reference voltage 94 and 95 and 
two or more comparators 90 which generate reference voltage. Each of the circuit generating 
reference voltage 94 and 95 consists of the resistance R2 or 2n resistance R of a piece and, and 
the resistance R3. The resistance R2 and R3 have resistance n times the resistance of R, 
respectively. The resistance R2 or 2n resistance R of a piece and, and the resistance R3 are 
connected between the node N97 which receives high potential side reference voltage VRT2, 
and the node N98 which receives low voltage side reference voltage VRB2. The switch S28 is 
connected to the both ends of the resistance R2, and the switch S29 is connected to the both 
ends of the resistance R3. 

[01 93] Reference voltage which is different at the node during the resistance R of the circuit 
generating reference voltage 94, respectively is generated. Similarly, reference voltage which is 
different at the node during the resistance R of the circuit generating reference voltage 95, 
respectively is generated. Here, different reference voltage obtained by the circuit generating 
reference voltage 94 is called the right side reference voltage Vref (+). Different reference 
voltage obtained by the circuit generating reference voltage 95 is called the negative side 
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reference voltage Vref (-). 

[0194]The right side analog input voltage Vin (+) and the right side reference voltage Vref (+) are 
given to the capacitor CI of each comparator 90 via the switch S15 and S16, respectively. The 
negative side analog input voltage Vin (-) and the negative side reference voltage Vref (-) are 
given to the capacitor C2 of each comparator 90 via the switch S17 and S18, respectively. The 
composition and operation of the comparator 90 of drawing 16 are the same as the composition 
of the comparator 90 of drawing 13 , and operation. 

[0195]Here, the difference of high potential side reference voltage VRT2 and low voltage side 
reference voltage VRB2 is set as VIN /8. When the switch S28 of the circuit generating 

reference voltage 95 and 96 and S29 are OFF, full-scale ranges are VIN p _ p /16. If the switch S28 

and S29 are made one, a full-scale range will be set to VIN p _ p /8. Thus, in sub A/D converter 9b, 

a full-scale range can be changed 1 time and twice. 

r0196] Drawing 17 is a circuit diagram of D/A converter 10 in the 2nd step of circuit 4 in the 
analog-to-digital circuit 1 of drawing 3 . D/A converter 10 of drawing 17 is a capacity array 
method D/A converter. 

[0197]D/A converter 10 comprises the switch S51 by the side of right [ of the each plurality 
connected to the circuit generating reference voltage 96 which generates reference voltage, and 
array form ], S52 and the switch S53 of two or more negative sides, S54, two or more right side 
capacitors C50, and two or more negative side capacitors C51. 

[0198]The circuit generating reference voltage 96 consists of the resistance R4, two or more 
resistance R, and the resistance R5. The resistance R4 and R5 have the resistance of the half of 
the resistance of the sum total of two or more resistance R. The resistance R4, two or more 
resistance R, and the resistance R5 are connected in series between the node N101 which 
receives high potential side reference voltage VRT3, and the node N102 which receives low 
voltage side reference voltage VRB3. The switch S30 is connected to the both ends of the 
resistance R4, and the switch S31 is connected to the both ends of the resistance R5. 
[01 99]AII of the capacitor C50 and C51 have the same capacity value. From one terminal (it is 
hereafter called an output terminal) N1 1 1 of the capacitor C50, the differential positive side 
output voltage VDA (+) is generated, and the differential negative side output voltage VDA (-) is 
generated from one terminal (henceforth an output terminal) N1 12 of the capacitor C51. Each 
capacitor C50 and the terminal of another side of C51 are called an input terminal. 
[0200]One terminal of each switch S51 is connected to the node N103 between the resistance 
R4 and the resistance R, and the terminal of another side is connected to the input terminal of 
the capacitor C50. One terminal of each switch S52 is connected to the node N104 between the 
resistance R5 and the resistance R, and the terminal of another side is connected to the input 
terminal of the capacitor C50. One terminal of each switch S53 is connected to the node N103 
between the resistance R4 and the resistance R, and the terminal of another side is connected 
to the input terminal of the capacitor C51. One terminal of each switch S54 is connected to the 
node N104 between the resistance R5 and the resistance R, and the terminal of another side is 
connected to the input terminal of the capacitor C51. 

[0201] According to the output level of the comparator 90 of sub A/D converter 9b of drawing 
16, on-off control action of the switch S51, S52, S53, and S54 is carried out. The four switches 
S51 which receive the output signal of the same comparator 90, S52, S53, and S54 constitute 4 
ream switch. For example, when the output of the one comparator 90 is high-level, and the 
switch S52 and S53 turn off. [ the switch S51 of 4 ream switch, and S54 ] On the contrary, one 
[ the switch S51 of 4 ream switch and S54 turn off, and / the switch S52 and S53 ] when the 
output of the one comparator 90 is a low level. 

[0202]According to the output level of two or more comparators 90 of sub A/D converter 9b, 
two or more switches S51, S52, S53, and S54 carry out on-off control action, and the differential 
positive side output voltage VDA (+) and the differential negative side output voltage VDA (-) 
are obtained by the output terminal N1 1 1 and N1 12. 

[0203]Here, the difference of high potential side reference voltage VRT3 and low voltage side 
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reference voltage VRB3 is set as VIN p _ p /4. When the switch S30 of the circuit generating 
reference voltage 96 and S31 are OFF, full-scale ranges are VIN p _ p /8. If the switch S30 and S31 
are made one, a full-scale range will be set to VIN p _ p /4. Thus, in D/A converter 10b, a full-scale 
range can be changed 1 time and twice. 

r0204l Drawing 1 8 is a circuit diagram showing the 1st example of the composition of the 
subtraction amplifier 14a in the analog-to-digital circuit 1 of drawing 3. 
[0205]The subtraction amplifier 14a of drawing 1 8 includes the operational amplifier 130, the 
capacity value switching circuit 131,132, the capacitor 133,134, and the switches 135-138. A 
switch is constituted by the MOS (metal oxide semiconductor) transistor, for example. 
[0206]The capacity value switching circuit 131 is connected as feed back capacity between the 
inversed input terminal of the operational amplifier 130, and an inverted output terminal, and the 
capacity value switching circuit 132 is connected as feed back capacity between the non- 
inversed input terminal and the noninverting output terminal. The capacitor 133 is connected to 
the inversed input terminal of the operational amplifier 130 as input capacitance, and the 
capacitor 134 is connected to the non-inversed input terminal as input capacitance. 
[0207]The differential positive side output voltage VDA (+) outputted from the right side analog 
output voltage Vo (+) and D/A converter 10b which are outputted is given to the capacitor 133 
via the switch 135,136, respectively from the arithmetic amplifier 1 1 of drawing 3. The differential 
positive side output voltage VDA (-) outputted from the negative side analog output voltage Vo 
(-) and D/A converter 1 0b which are outputted is given to the capacitor 1 34 via the switch 
137,138. respectively from the arithmetic amplifier 11. The inversed input terminal, the inverted 
output terminal, non-inversed input terminal, and noninverting output terminal of the operational 
amplifier 130 are grounded via the switch 139,140,141,142. respectively. 

[0208]Operation of the subtraction amplifier 14a of drawing 18 is the same as operation of the 
arithmetic amplifier 1 1a of drawing 4 . The right side analog input voltage Vin (+) and the negative 
side analog input voltage Vin (-) which are given in the circuit 4 of the next step are obtained 
from the inverted output terminal and noninverting output terminal of the operational amplifier 

130. , 

[0209]Here. the profit of the subtraction amplifier 14a can be changed by changing the capacity 

value of the capacity value switching circuit 131,132. 

r0210l Drawing 19 is a circuit diagram showing the 2nd example of the composition of the 
subtraction amplifier 1 4a in the analog-to-digital circuit 1 of drawing 3. 

[0211]The subtraction amplifier 14a of drawing 19 includes the operational amplifier 130, the 
capacitor 139,140, the capacity value switching circuit 141,142, and the switches 135-140. 
[0212]The capacitor 139 is connected as feed back capacity between the inversed input terminal 
of the operational amplifier 130, and an inverted output terminal, and the capacitor 140 is 
connected as feed back capacity between the non-inversed input terminal and the noninverting 
output terminal. The capacity value switching circuit 141 is connected to the inversed input 
terminal of the operational amplifier 130 as input capacitance, and the capacity value switching 
circuit 142 is connected to the non-inversed input terminal as input capacitance. 
[0213]The differential positive side output voltage VDA (+) outputted from the right side analog 
output voltage Vo (+) and D/A converter 10b which are outputted is given to the capacity value 
switching circuit 141 via the switch 135.136, respectively from the arithmetic amplifier 1 1 of 
drawing 3 The differential positive side output voltage VDA (-) outputted from the negative side 
analog output voltage Vo (-) and D/A converter 1 0b which are outputted is given to the capacity 
value switching circuit 142 via the switch 137,138, respectively from the arithmetic amplifier 11. 
The inversed input terminal, the inverted output terminal, non-inversed input terminal, and 
noninverting output terminal of the operational amplifier 1 30 are grounded via the switch 
139,140,141,142, respectively. 

[0214]Operation of the subtraction amplifier 14a of drawing 19 is the same as operation of the 
arithmetic amplifier 1 1a of drawing 5 . The right side analog input voltage Vin (+) and the negative 
side analog input voltage Vin (-) which are given in the circuit 4 of the next step are obtained 
from the inverted output terminal and noninverting output terminal of the operational amplifier 
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130. 

[0215]Here, the profit of the subtraction amplifier 14a can be changed by changing the capacity 
value of the capacity value switching circuit 141,142. 

[0216]The switch Sa of the above-mentioned embodiment, S1a, S2a, S24, S25, S26, S28, S29, 
S30, and S31 are formed, for example of an MOS (metal oxide semiconductor) field effect 
transistor. 

[021 7] According to the above-mentioned embodiment, the switch Sa, S1a. S2a. S24, S25, S26, 
S28, S29, S30, and S31 are used as a switch part of a switching means. In this case, the switch 
Sa, S1a, S2a, S24, S25, S26, S28, S29, S30, and S31 can be changed to one or OFF at the time 
of manufacture or use. The switch part of a switching means is not limited to a switch. For 
example, the fuse which can be blown out with laser may be used as a switch part, and the mask 
switch part for patterning of top layer metal may be used as a switch part. 

r0218l Drawing 20 is a circuit diagram showing other examples of a switch part. In the example of 
drawing 20 , the fuse Fa is used instead of the switch Sa of the arithmetic amplifier 11a of 
drawing 6 . The fuse Fa can consist of polysilicon, for example, and can be blown out with laser. 
At the time of manufacture, the profit of the arithmetic amplifier 1 1a can be changed by whether 
laser is used and the fuse Fa is blown out. 

f0219l Drawing 21 and drawing 22 are the figures showing the example of further others of a 
switch part, show a top view to the upper part and show a sectional view to the lower part. 
[0220]In the capacity formation section C500, the electrode 501,502 of the capacitor is formed 
of lower layer metal LM1 and LM2. The electrode 507,508 is formed of lower layer metal LM1. 
With the top layer metal UM, the electrode 512,513 is formed with a prescribed interval, and the 
electrode 514,515 is formed with the prescribed interval. The electrode 501 is connected to the 
electrode 512 via the metal in the through hole 503, and the electrode 502 is connected to the 
electrode 514 via the metal in the through hole 504. The electrode 507 is connected to the 
electrode 512 via the metal in the through hole 505, and the electrode 508 is connected to the 
electrode 515 via the metal in the through hole 506. 

[0221 ]For example, 507 is connected to the inversed input terminal of the operational amplifier 
1 1 0 of drawing 6 , and the electrode 508 is connected to the inverted output terminal of the 
operational amplifier 1 1 0 of drawing 6 . 

[0222]The capacity formation section C500 is formed of the electrode 501 ,502, and mask switch 
part municipal solid waste is formed between the electrodes 512,513 and of between the 
electrodes 514,515, respectively. The capacity formation block C500 is equivalent to capacitor 
Ca of drawing 6 , for example. 

[0223]At the time of manufacture, between the electrodes 512,513 and between the electrodes 
514,515 can be changed to a connected state and a cut off state by changing the pattern of the 
mask arranged on mask switch part municipal solid waste. 

[0224]As shown in drawing 21 , between the electrodes 512,513 and between the electrodes 
514,515 are connectable by using the mask that the metal layer 510,51 1 is formed with the top 
layer metal UM between the electrodes 512,513 and between the electrodes 514,515. 
[0225]As shown in drawing 22 , between the electrodes 512,513 and between the electrodes 
514.515 can be intercepted by using the mask that a metal layer is not formed with the top layer 
metal UM between the electrodes 512,513 and between the electrodes 514,515. 
[0226]In the example of drawing 21 and drawing 22 , the capacity formation section C500 is 
thoroughly separable from an operational amplifier by providing a mask switch part in the 
terminal of both capacity formation sections C500, respectively. 

[0227]In the circuit of the stages with an arbitrary analog-to-digital circuit in which this 
invention is not limited to the above-mentioned embodiment, At least one of the D/A converters 
which have an arithmetic amplifier which has a switchable profit, a subtraction amplifier which 
has a switchable profit, a sub A/D converter which has a switchable full-scale range, and a 
switchable full-scale range may be used. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]Here. when the voltage range of the analog input 
signal Vin is made into VIN p _ p , the full-scale range of sub A/D converter 9 in the 1 st step of 
circuit 3 is equal to voltage range VIN p _ p of an analog input signal in the above-mentioned 
analog-to-digital circuit 1 00. The full-scale range of sub A/D converter 9 in the 2-4th step of 
circuit 4-6 is equal to output voltage range VIN p _ p /8 of the subtraction amplifier 14 of the 1-3rd 

step of circuits 3-5 respectively. 

[0009]The full-scale range of D/A converter 10 in the 1st step of circuit 3 is equal to voltage 
range VIN _ of the analog input signal Vin like sub A/D converter 9. The full-scale range of the 
voltage of D/A converter 10 in the 2nd step and the 3rd step of circuit 4 and 5 is set to VIN[ as 
the full-scale range of sub A/D converter 9 ] p _ p twice many / 4 in order to take consistency 

with the output voltage range of the arithmetic amplifier 1 1 which has the profit 2. 
[0010]Next, operation of the analog-to-digital circuit 1 of drawing 23 is explained. The sample 
hold circuit 2 samples the analog input signal Vin, and carries out fixed time maintenance. The 
analog input signal Vin outputted from the sample hold circuit 2 is transmitted to the 1st step of 

circuit 3. . 
[0011]In the 1st step of circuit 3, sub A/D converter 9 performs an analog to digital to the 
analog input signal Vin of voltage range VIN p _ p . Here, the full-scale range of sub A/D converter 

9 is VIN as mentioned above. The digital output (2 9 , 2 8 , 2 7 , 2 6 ) which is an analog-to-digital 
result of sub A/D converter 9 is transmitted to the output circuit 8 via the four latch circuitry 7 
while it is transmitted to D/A converter 10. The normal output voltage range of D/A converter 

10 is expressed like a following formula. 
[0012] 

(The 1st step of resolution-1) x(fulhscale range of D/A converter 10)/(the 1st step of 
resolution) 

= (2 4 -1) x (VIN _ ) / 2 4 =15VIN p _ p /16 one side and the arithmetic amplifier 11 sample the 
analog input signal Vin, and amplify and hold it. The output voltage range of the arithmetic 
amplifier 1 1 is expressed like a following formula. 

[0013] , ,, f 

(Voltage range VIN p _ p of the analog input signal Vin) x (profit of the arithmetic amplifier li; 

= The VIN x1 =VIN subtraction amplifier 14 subtracts and amplifies the analog input signal 
p— p p-p 

Vin and the D/A conversion result of D/A converter 10 which were outputted from the 
arithmetic amplifier 11. The output of the subtraction amplification width circuit 14 is transmitted 
to the 2nd step of circuit 4. The output voltage range of the 1st step of subtraction amplifier 14 
is expressed like a following formula. 

(Output voltage range of the arithmetic amplifier 1 1 ) x (- (normal output voltage range of D/A 
converter 10)) (profit of the subtraction amplifier 14) 
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= (VIN _ ) (- (15VIN _ /16)) In the x2 =VIN p _ p /82 step circuit 4, sub A/D converter 9 performs 
an A/D conversion to the output of the subtraction amplifier 14 of the 1st step of circuit 3. The 
A/D conversion result of sub A/D converter 9 is transmitted to the output circuit 8 via the 
three latch circuitry 7 while it is transmitted to D/A converter lO.Thereby, a 2-bit digital output 
(2 5 , 2 4 ) is obtained at least for Nakagami from the 2nd step of circuit 4. The normal output 
voltage range of D/A converter 10 is expressed like a following formula. 
[0015] 

(The 2nd step of resolution-1) x(full-scale range of D/A converter 10)/(the 2nd step ot 
resolution) 

= (2 2 -1) x (VIN _ /4) / 2 2 =3VIN _ /16 one side and the arithmetic amplifier 1 1 amplify the 
output of the arithmetic amplifier "l 3 of the 1 st step of circuit 3. The output voltage range of the 
arithmetic amplifier 1 1 is expressed like a following formula. 

[00 1 6] . . , ril . iU .. 

(Output voltage range of the 1st step of subtraction amplifier 14) x (profit of the arithmetic 

amplifier 11) ,._ . J . t 

= (VIN _ /8) The x2 =VIN _ /4 subtraction amplifier 14 subtracts and amplifies the output ot the 

arithmetic amplifier 11. and the D/A conversion result of D/A converter 10. The output of the 
subtraction amplifier 14 is transmitted to the 3rd step of circuit 5. The range of the output 
voltage of the 2nd step of subtraction amplifier 14 is expressed like a following formula. 

(Output voltage range of the arithmetic amplifier 1 1 ) x (- (normal output voltage range of D/A 
converter 10)) (profit of the subtraction amplifier 14) 

= (VIN _ /4) (- (3VIN _ /16)) In the x2 =VIN p _ p /83 step circuit 5, the same operation as the 2nd 
step of circuit 4 is performed to the output of the subtraction amplifier 14 of the 2nd step of 
circuit 3. Thereby, a 2-bit digital output (2 3 . 2 2 ) is obtained at least for Nakashita from the 3rd 
step of circuit 5. The output voltage range of each part is the same as that of the 2nd step of 

circuit 4. . 
[001 8]In the 4th step of circuit 6, sub A/D converter 9 performs an A/D conversion to the 

output of the subtraction amplifier 1 4 of the 3rd step of circuit 5, and the digital output (2,2) 

of 2 bits of low ranks is obtained. 

[001 9]The digital output of the 1 st step - the 4th step of circuits 3-6 arrives at the output 
circuit 8 simultaneously through each latch circuitry 7. That is, each latch circuitry 7 is formed in 
order to take the synchronization of the digital output of each circuits 3 6. 

[0020]The output circuit 8 carries out the after [ a digital compensation process ] parallel output 
of the 1 0-bit digital output Dout of the analog input signal Vin, when required. 
[0021]Thus even if the conversion number of bits increases and LSB (Least Significant Bit) 
becomes small with reduction in power supply voltage, the resolution of sub A/D converter 9 can 
be raised and sufficient conversion precision is acquired. 

r0022] Drawing 24 (a) is a figure for the circuit diagram and drawing 24 (b) in which the 
composition of the subtraction amplifier of the analog-to-digital circuit of drawing 23 is shown to 
explain operation of the subtraction amplifier of drawing 24 (a). 

[0023]In drawing 24 , the inversed input terminal of the operational amplifier 101 is connected to 
the node nb, and the non-inversed input terminal is grounded. The output terminal of the 
operational amplifier 101 is connected to the inversed input terminal via the capacitor 102 while 
being connected to the node no. Switch SW1 is connected between the inversed input term.nal 
of the operational amplifier 1, and a non-inversed input terminal, and the capacitor 103 is 
connected between the node nb and the node na. It is connected to the node n1 via switch SW2. 
and the node na is connected to the node n2 via switch SW3. These switch SW2 and SW3 are 
constituted by the CMOS switch which usually consists of a CMOS (complementary-type metal 
oxide semiconductor) field effect transistor. 

[0024]Voltage V. is inputted into the node n1, voltage V 2 is inputted into the node n2. and 
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voltage V Q is outputted from the node no. 

[0025]Here, operation of the subtraction amplifier of drawing 24 (a) is explained, referring to 
drawing 24 (b). Capacity value of the capacitor 101 is set to C, capacity value of the capacitor 
103 is set to KC, and earth potentials are made into V Q . K is a constant. 

[0026] First, switch SW1 and switch SW2 are made one, and switch SW3 is turned OFF. Thereby, 
the voltage of the node na serves as V r The voltage of the node no is set to 0. At this time, the 

electric charge Qa of the node nb becomes like a following formula. 

[0027] After turning OFF Qa=(V Q -Vj KC, next switch SW1, switch SW2 is turned OFF and 
switch SW3 is made one. Thereby, the voltage of the node na serves as V 2 . The voltage of the 
node no serves as V Q . In order to carry out the imaginary earth of the node nb at this time, the 

electric charge Qb of the node nb becomes like a following formula. 

[0028] . 

Since there is no course out of which an electric charge escapes from and comes in the Ub- 

(V -V 2 ) KC+(V G -V 0 ) C node nb, it becomes Qa=Qb with conservation of charge. Therefore, a 

following formula is materialized. 

[00293CVQ-VP Voltage V Q of a KC=(V Q -V 2 ) KC+(V Q -V 0 ) C top type to the node no becomes 
like a following formula. 

[0030]Voltage V 2 is subtracted from V Q =V G +(V 1 -V 2 ) K, thus voltage V v and the subtraction 
value is amplified K times. 

[0031]Therefore, a subtraction amplifier has a function which outputs the difference of voltage 
V 1 and voltage V 2 by the profit decided by the capacity factor of the capacitor 103 and the 
capacitor 102. For example, a sample hold function 1 time the profit of this will be given to a 
subtraction amplifier by setting it as KC=C (K= 1). 

rO032l Drawing 25 is a figure showing the composition of the sub A/D converter used in the 
analog-to-digital circuit of drawing 23 . 

[0033]Two or more comparators 900 are arranged in the parallel connected type analog-digital 
converter 9 of drawing 25 . The analog input voltage Vin is given to one input terminal of two or 
more comparators 900, and the reference voltage obtained by carrying out the partial pressure 
of the voltage between the high potential side reference voltage VRT and the low voltage side 
reference voltage VRB to the input terminal of another side by two or more resistance R is 
given, respectively. Each comparator 900 compares the voltage of one input terminal with the 
voltage of the input terminal of another side. The digital code Dcode can be obtained by 
encoding the comparison result of two or more comparators 900 with the encoder 910. 
[0034]By the way, when the voltage range of the analog input signal given to an analog-to-digital 
circuit is changed, Or to change the method of the analog input signal given to an analog-to- 
digital circuit in a differential double end input and a single-ended input, it is necessary to 
change the specification of an analog-to-digital circuit. 

[0035]Here, a differential double end input and a single-ended input are explained. Drawing 26 (a) 
and (b) is a figure for explaining the analog to digital in a differential double end input and a 
single-ended input. A horizontal axis shows the analog input voltage VIN, and a vertical axis 
shows the outputted digital code Dcode. 

[0036]As shown in drawing 26 (a), at the time of a differential double end input, the right side 
analog input voltage Vin (+) and the negative side analog input voltage Vin (-) of the analog input 
signal Vin change complementarily. Thereby, the difference of the right side analog input voltage 
Vin (+) and the negative side analog input voltage Vin (-) serves as voltage range VIN p _ p of the 

analog input signal Vin. 

[0037]Therefore, as shown in drawing 26 (a), the right side analog input voltage Vin W changes 
from 1 0V in 2.0, When the negative side analog input voltage Vin (-) changes in 2.0V to 1.0V, the 
voltage range of the analog input signal Vin is set to 2.0V from the operation of Vin(+)-Vin (-). 
[0038]On the other hand, as shown in drawing 26 (b), at the time of a single-ended input, the 



* 
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right side analog input voltage Vin (+) changes. Thereby, the voltage range of the right side 
analog input voltage Vin (+) turns into a voltage range of the analog input signal Vin. 
[0039]Therefore, as shown in drawing 26 (b), when the right side analog input voltage Vin l+J 
changes in 1 .OV to 2.0V, the voltage range of an analog input signal is set to 1 .0V. ... 
[0040]That is, if the voltage range of the analog input signal Vin of a differential double end input 
method is made into 2VIN D _ D , the voltage range of the analog input signal Vin of a single-ended 

input method will serve as VIN p _ p . 

[0041]Thus, with a differential double end input method and a single-ended input method, even if 
the range of change of each analog input voltage is the same, the voltage ranges of an analog 

input signal will differ. ... . . iU u. ~~ 

[0042]In the above-mentioned conventional analog-to-digital circuit, when changing the voltage 
range of an analog input signal, or when changing the input method of an analog input signal, it is 

necessary to redesign circuitry. . ..... 

[0043]The purpose of this invention is to provide the pipeline type analog-to-digital circuit which 
can change the input method between change of the voltage range of an analog input signal or a 
differential double end input, and a single-ended input easily without redesigning circuitry. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Prawing 1] It is a block diagram showing the composition of the pipeline type analog-to-digital 
circuit in a 1st embodiment of this invention. 

fPrawing 2] It is a figure showing setting out in the case of changing the analog-to-digital circuit 
of drawing 1 t o a differential double end input method and a single-ended input method, 

respectively. . . ,. . , 

[Prawing 3] It is a block diagram showing the composition of the pipeline type analog-to-digital 

circuit in a 2nd embodiment of this invention. 

[Drawing 4] It is a circuit diagram showing the 1 st example of the composition of the arithmetic 
amplifier in the analog-to-digital circuit of drawing 1 . 

[Drawing 5] It is a circuit diagram showing the 2nd example of the composition of the arithmetic 
amplifier in the analog-to-digital circuit of drawing 1 . 

[Drawing 6] It is a circuit diagram showing the 1 st example of the concrete circuitry of an 
arithmetic amplifier. 

[Drawing 7] It is a circuit diagram showing the 2nd example of the concrete circuitry of an 

arithmetic amplifier. , 

[Drawing 8] It is a circuit diagram showing the 3rd example of the concrete circuitry ot an 

arithmetic amplifier. . 

[Prawing 9] It is a circuit diagram showing the 4th example of the concrete circuitry of an 

arithmetic amplifier. 

[Drawing 10] It is a circuit diagram showing the 5th example of the concrete circuitry ot an 
arithmetic amplifier. 

[Drawing 11 ] It is a circuit diagram showing the 6th example of the concrete circuitry ot an 

arithmetic amplifier. . 
[Drawing 12] It is a circuit diagram showing the 1st example of the composition of the sub A/D 

converter in the analog-to-digital circuit of drawing 1. 

[Drawing 1 3] It is a circuit diagram showing the composition of the comparator used for the sub 
A/P converter of drawing 1 2. 

[Prawing 1 4] It is a circuit diagram showing the 2nd example of the composition of the sub A/U 
converter in the analog-to-digital circuit of drawing 1. 

[Prawing 1 5] It is a circuit diagram showing the composition of the comparator used for the sub 

A/P converter of drawing 14 . . . 

[Prawing 16] It is a circuit diagram of the sub A/D converter in the 2nd step of circuit in the 

analog-to-digital circuit of drawing 3. . 

[Drawing 1 7] It is a circuit diagram of the D/A converter in the 2nd step of circuit in the analog 

to-digital circuit of drawing 3 . 

[Drawing 1 8] It is a circuit diagram showing the 1st example of the compos.t.on of the subtraction 
amplifier in the analog-to-digital circuit of drawing 3. 

[Drawing 1 9] It is a circuit diagram showing the 2nd example of the composition of the 
subtraction amplifier in the analog-to-digital circuit of drawing 3 . 

fPrawing 20] It is a circuit diagram showing other examples of the switch part of a switching 
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means. 

[Drawing 21] It is the top view and sectional view showing the example of further others of the 
switch part of a switching means. 

["Drawing 22] It is the top view and sectional view showing the example of further others of the 
switch part of a switching means. 

[Drawing 23] It is a block diagram showing the conventional analog-to-digital circuit. 
["Drawing 24] It is a figure for explaining operation of the circuit diagram showing the composition 
of the subtraction amplifier of the analog-to-digital circuit of drawing 23, and its subtraction 
amplifier. 

["Drawing 25] It is a figure showing the composition of the sub A/D converter used in the analog- 
to-digital circuit of drawing 23 . 

drawing 26] It is a figure for explaining the analog to digital in a differential double end input and 

a single-ended input. 

[Description of Notations] 

1 Analog-to-digital circuit 

3-6 The 1st step - the 4th step of circuit 

9, 9a, and 9b Sub A/D converter 

10 and 10b D/A converter 

11, 13, and 13a Arithmetic amplifier 

1 2 Subtractor circuit 

14 14a Subtraction amplifier 

VRT, VRT2, and VRT3 The high potential side reference voltage 
VRB, VRB2, and VRB3 The low voltage side reference voltage 
VRT1 Middle reference voltage 

Sa, S1a, S1b, S24, S25, S26, S26, S28, S29, S30, and S31 Switch 
[Translation done.] 
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r 3 ) 4M2 0 0 3- 1 88 7 27 

3 ' * 

o«seii^n^ti^4»tt©A^^^t^*. [0007] iW*B3tt4t:?Hltt, 2-4B 

3 tl a««€BE €: pJSttcKgr 6 PlXtKdtrC £ JSS®H§I 3 - 5 tc to t'T . ^ A / D ^ > .> <- 3? 9 to 

[0 00 1 ] [0008] 

[MflMrrftttfRftflH =whh*. i&mmfro*:'>t?&m&] cc-c, ±is©r^a 

AjeWaBUCHT*. 10 i iiWHEL^ftV ! N... £ir*£, 1BBOBH 

^iiss (a/D3>^?) vet* j«ir-ji,u>j>i«n**ii--3«ia©eB3-5a> 

(2a9-?<?'<*isJU) *»Hlfc<IB«r»MvC [0009] S*:, l«B©H»3l*l©D/A3>^- 

£ 1 0©7.'lX^-JUU>^(i^A/D2>^-^9 

[ 0 0 0 3] U L/, SBfe tf ? h fe©*fccc#4, > . 2 * i Htttt r * a *7Jje # V i n««EU> V V I N 

ry^^^i'*^r«+^jrSdftts*/)«fi6tiaf< 20 □.. £9 1*1*. 2K^to£^3Sfei©PSS4 . 5 ROD 

*VC*fcfc#. WUtt'O iATWVvyl' /A3W<->1 0 ©«E©7 A^^-JUU >2?ttfM 

b * * fc»iciJ- ?'A / D ri > ' * 9 ©7 A A 4r - ju u 

[0 00 4 ] 02 3JiftH¥i 1-88 1 7 2^&ffi(C >£>CD2ttfi>V I No-o/4 ±«t*. 

M^snfctt*©r^D y--rs>^ji,Ki§fcH»*w^ [ 0 0 1 0 ] S2 3©r^a y-rs>*A«aa 

1 0 0 i*, 1 0 1 v v 4 w v << >#*»*«*■ & a -ru vmtt^^yt tr— «$n5«MS 

[0005] 023tctoc^C, r^uST-"^**** ^-S. ^ Klsi»2*&fflrtSftfc7+a y 

BB1 0 01*. *>^U*-^KBtt2, 1RB-4I8 AfcflM-V . n£, iBS®BB3^6&£n*. 
@©0SS3-6 »»0***BB7 4*J:tfffi/JB»6 30 [0011] lRSOBHSCCfcl'-C. I^A/D^ 

[0006] i«@ <ttH> -3BB©bs&3. 4, 5 v i ncc»i/CT*p*-^*JWfc*ftfT*. 

m&mmmi 1 . «»0bsi 2to«fcc«*e«iHS»i iiecw^Kiv 1 n 0 . 0 -c**. ^a/D2>;<-^ 

tf*M»ftl4*«Mr*'&. lBH©B»3rt©aW* <2 S . 2 f . 2' . 2 1 > li, D/Aa>«->10 

«@BS1 l©«JWil"CA9, lBa©H»3l*i<D«* ^tESSnaitfclC, 4o<D??*@SS7&ftU"CSB 

WaBai3i*«*:cX2Bai*J:CX3«a©HB4. 5rt AlaiBS8^i5^^n€> a D/Aa>;<-^ 1 0®jE»£H 

(QiAlM«i@B8 1 1. ! 3©W#t*2'Cab&. 4KB A«EU*>«*. iX3?©cfc 
{g3£f£) OH18S6 ti, tJ-^A/Da:^*— *9©***40 [00 12] 

= 1 5V i N D . 0 /l 6 
t?-> -f 1 ) > ^b*c^<eto^^#f -S, aHHMBS 1 * [0013] 

= V i No., x 1 
= V i No-. 
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(4) #B92 0 0 S- 1 887 27 

5 _ 5 

A**i*»t*wiH' , cwgr&. -BgwamffiiK 14 [0 0 1 4 ] 

= ( (V i N t .„ > - < 1 5 V i N... /IB) > X2 
= V i N 0 .. /8 

tC. 3-^O^v^@ll7«:^l/t:ia^0SR8^CSS*l^ [00 15] 

< 2&SCDjM*f£- 1 > x <D/A=i>^-> 1 0fl)7^^AU^'» / 

= (2 1 - 1 > x (VI /4 ) /2 s 

= 3V ! N.-o / 1 6 

— ftflUgMPSK i It*. ll£B©ES3©S0sae« *Eu>S>ti^©J: ^tcftsn*. 
UBS 1 3 (Oft/jZOkfeVZ. MJWHBSR 1 1 <0*WJ«* I 0 0 16] 

< l BS(DWmiBIS 1 4©ffl*Wffiu>s>i x (tttMWeiiS&i l©f«« 

) 

= (V i N,., /8 > x 2 
= V i N... /4 

mMMBEft 1 4 ti, ffi»4«BBSft 1 1 ©HMJ«L D/A A £*l* 0 2 JgSaKffJttaHH 1 4 CUttffSe ^ >5> 
aw<-* 1 0OD/A**iftS:t ! fcSWOr*9iB'S' ti. a*©* ^KltSM, 

6. ifc#ig*II«iBS 1 4 QiH/3ii, 3«e<0@a5 ^iw&fr 1 0 0 17] 

A*EU>V) ) x {|OTit«aHl4a>W9> 

= ( (Vi N 0 . o /4) - < 3 V I No.o /16) > X2 

= V ! No-. /8 
3«a©@S&5<C45C*ri*. 2IKStiD@%3 0^%<e 

BHi4©(H*«c»ura«iB©ett4ira«©*ff** [0022] ^24 u> W2 3©7^py-^ 



?Tt>n*o -eti<cj:o, 3*a@©isi!S5*>&*Tta2b- ^^wmm^m^<D»m:^rm^m. m2A 

v VQ>T*J**Wi (2 J . 2* > W6n£, S£B© <bH*EI2 4 (a) ©«Wteil5©ttff«:ISWi 

[ 0 0 18] 4aS©BB6Kfel*'Ctt. 3«@©ISB [00231 024 cctst*?. 1 0 1 ©teft 

5©B*fMHBl 4©ffl*K»UT*:/A/'D:a>>< AftM?-!*'- Kn btciS^sn, WSfiAAWW** 

->9**A/DS6a*W». Tti2* ^©T^fHH msivci'*. 4fc, WMMbBI 0 l^ffiWS^tiy 

[0 0 19] lia@^4«B©@B3^6©7 t '^*Jl>ffi 40 ?K£AA£?eEtttt3tVClJ<&. i^fS*SteS 1 ©*h.sk 

*. Tttfcfc. ^13857 t*SlsIBS3 -6©«>* »tt^n, ✓ - Kn b t-'- Kn a tOIBtta^^V^ 

jua*©raSH€:i*fcWCWt6nxc^. 103*MSfe*3nrc-&* ✓-Knatt, ??SW 

[0 02 01 W*BB8tt. WoyA*mVin© 2 £*K*r ✓ - Kn 1 Kg&Sn, *oA-f**SW3 

lOtr- KP^^lffiADou t ftrt-ur^- Kn2cc»ssnrt**. cn^-/ -; 

i*wi*ia«-r<5 HWB*f &• *SW2. SW3t±, 5MTCMOS «m«BM« 

[0 02 1 ] COJ^CCl/X, hfttf'9*U *•!*> ^l^^^^^aCMOS^^ ; 

SBSffi^'J^fK'LS B (Least Significant Bi ^ecj:0»sastl-6 0 

x> 0ft*£<tt<?T*. ^A/D3W<-»©»» [0 02 4] y-KnlKSEEV, #*Jj3n. ->-K 
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10 02 5] CCX\ m2 4 (D) «MRi/ft3»i6B2 
4(a) <POT*MBro^*SAHT*. tela. ^> 
r^tf 1 0 1 C'^Sit^C i I/, ^> 1 0 3tf>S 

0. s-Kna4tfE£I£V ft gfc, /-Fno 

&^C2 J: ^ ccSt £□ 

[0 02 7] Qa = {V« -V, > KC 

ar * feio, - k n t) <ommQ i> a^s^D j: 5 * ft 

[ 0 0 2 8] 

Gb = (V c -V a ) KC+ <V t -V 0 > C 20 

[0029] CV t -V t ) KC= (V c -V 2 ) KC 
+ c v c - V* ) c 

[0030] V. =V C + (V, -V 2 ) K 

[oo3i] btrffi^x. ®#&immz^KVx 30 

EV, i©MP>f >t 1 0 3 i3>f 1 0 2 t 
ffl*.v^ KC = C <K= 1 ) CC^T£C£Kc£0, ft 

[00321 02 5 £ 3 <Z>T f p r V * A£d& 

[0 03 3] 02 SMSirtP^-fi^^^v^' 

ire k 3 > ** is - * 9 o o (D—iiwhiM* 

Wtf^C&flJSsSSJEV R T tflMttiBSMEV R 

£tt£S§^E;9-K-nen^*£n£. -&^>^u-£ 

9 0 Oti, — # ©AA^C-SEE t m$<DAtt$'r<V& 
Si £iti£-r £ , &$fctf>:3 > J" < - * 9 0 0 cpfcfcijfrt^ 

«. ^f.'l'S- KD code C h« 
[0034] iCAt, 7+o*-^*.'l>StelsB&tc 50 



4*12 00 3- 1 8872 7 

[ 0 0 3 5] C CT\ HS&2V.'l>x> KA^fc^tf s » 
y*x> KA/3^^ J *Cga0^'3'^o 02 6 ( a ) . 
( b > ttstt^'U^-^ K JjjtoJtf ^> 0\'Ux> KA 

X$sk 0 SMsiST^O ^AMEV I N£^U NMIi 

[00361 026 ( a > J: 5 (c, E&itzDlJ- 

rto^SEV ! n ( + ) fecfc^MJr^tr^AA 

^ev i n < - > ^^mnKftftrd. -c-ncc^o, ^ 

EEV i n <-) i^M^r^a ?A/3fr*rV i acp^ 

[0 03 7] htcifi^X. 02 6 (a ) Cu^^^Ccl, 
iE#J7^a ^A^iSEV i si { ■*-) # 1 . 0 V;0.62 . 

ocoeaar-Stftu ^ftiJ7+p ^sev i n <-> 

^A/jd^v i no^Et'^^iiV i si ( + ) - v i n 
( - ) <D*H&A*tD 2 . 0 Vitti. 
[ 0 0 3 8] (^2 6 < b ) cc^-TJ: ^cc. !» ^ 
^x>KAA8§ic45C*rv3:. iEMr+P^A^^EV i 

^SEV s n (-•-) cr>^)±l^>^^7-^a ^A/jfl^V 

[0 03 9] UcJ^-jt. 02 6 (b ) ccjn^^^cc, 
iE#lr^a Vh-hmfrV in ( + > * 1 - 0 V3-62 . 

OV^^riSrtrS'iiSS. r^D^A^ff^sgEu 

[ 0 0 4 0 3 M^y^.'Ux^ F?s.tt73ZO>? 

->>^x> KA/J^^r-fo^AAfl^V i 

[ 0 0 4 1 ] C^-J: ^tC. M©y^^> KA4l#3C& 

[ o 042] ±izv>&&<o r r d y - t*j $ .'u**iass 
•ci*. r^D^A^if^©si£^>^'is:M«:tT^m 

[ 0 0 4 3] *^CDgB«3i*, ll^m^^lT-^^T^ 
C < r ^ o ^A^it^©sJS U> ^OSCK* 
fifr^rr.'Ux > K A^ <t » y^x > K ht) tv>Y&<o?s.1i 
7ijX,<C&n&&MWr^C£&X'ZZ''<J7?J^&T 
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[ 0 0 4 4] 

[ suss* JUfc-r h tivyn^-ttM J: cx%9Kp4Hl ) < i > 
st i <om\ 

m i owcff £7 7 a ¥-?i>$>v&j&w&&. {gift 
7 a ?{s#<c&&'?& .«u - 77 p y**s 

<t. A#£n*77d^ll^±r^*^-77a£l£fe 
B3j6ffiA3*i*770*m^±<&£#&*^*^l 

$ bt&mtta* mm<omn&& 

£ $)i-ri-a J: row* a«aa<c«j »j 

< t h 1 4$££>V£ fc«S*f SClagfi** 

&sT*77a^-^**^»*gt*k<D , c*&. 

WTa-r^A- - 77a ^SSfecfccWff 4Bf»S« 

^ *> ri-vjr < i £ 1 . * J: O'/ £ fc iiS^c^lll 

? )i * - ^ u > m iastc w o d ft* 

£ rt/ - 7 7 ci ?@M&0>7 *r — * !✓ tfM 1 

x> FA*«>77D ^H^!)lEU>y^It4 
[0 04 7] Uft:#-?t:. El»lftfl»©PIWt*lT^Ct 

[ o 0 4$]* cc^m, 7 7 d ^ - ^ ^ ^&tt@s&a> 
ei^fiiaco^fb^Ei ^ c tifiv a ^ ^ t h ic mi£ 



5> 4*1^2 0 0 3- 1 88 727 

10 

[0049] iz) m<Q%m 

D ^ff^-^^lUr^ 1 cC'iS^i§<lliiS5tc^^^.^2^ 

io [ o o 5 o ] c (om-s. <ti>\ «©sass® s 2 0 
su> i>os:M ^ tc liMsa ju x > k a* <t-'>^^ 

x> KA*i©Hfl>AA*^©]tS«:«^K:fT5 

[0 05 1 3 (3) 13C^ 
^3©#^tC^7^0^--7^^^8^»Si*. ^1 
*fciS^2(0ai9tC^77D ^-^S>*AaBftTOD 
fettle C - r . £**f£<DlejBS£R£ < < 1 1> 1 ^<^m 

[ 0 0 52] C CC'il#, < £ h 1 «<D@Sfifi0^ 1 <P 

Sb>>:><7>s:MS A:tiM^y^>'Ux> K/C^itO SOU 
x> KAA t©K«>AA*5««)s4:E«:«S^fT^ Ci^ 

[0053] (4> m4&&m 

[ 0 0 54] C <om^ % iMt < i 4> 1 S©@§5© 77a 
- ^ .'U^ll^S^^ ^ i- - .'UU > t>«rtgfiSef%CC^7 

rjr< 77P V K/JiE^rOMEL I- > iXD&MZ tc&m$b ? 
•7;l,X> KA^i N »^^> KA^^<OfSil<^A^35S 

40 [0 0 5 5 ] (5) 

M 5 cc»#fe^ cc«-& 7 7 a y - -7^ ^ >h&j$mmt . m 1 

[ 0 0 56] C fiC'il^, :i'£t < 6 1 f ^ ^ 

0 ^ it -5 CI <t «fc 0 , tlBStS.^#IS:lf ^t?t ^CiW< 
50 77a ^A^fI^^^>^<05:lg^fctiMS?l^7»U 
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I^IMt^C <ta*eJffi£ft&« 
[0057] (6) ^6©«B 

6 <E2fcWi Kft* r ray-Tit $ >v?X8im%&& . b 2 

«l§ig^Si3J:0'i«?S^<isS?:^l^ A/33ftfc 
[ i) 0 5 8 ] CGC-il^ h1j$fttc7l-V?m^&?^ 

ft*« Uc^^c, MWflroA*«fl>«M*J:tX» 

[0059] (?> mivsm 

$ ft fcim* fc«Ja*fr £ ft fcttSRtctt 0 m*. htil o 

[ 0 0 6 0] c com^. « Otfil wc J: 0 AA«S* fc 
li^s^jao-gu^ftj*- 1 IS s ft fctts* * fc t**a*& * ^fc 

fctffflBKW*Ci^84. £ftcc«t:9, It 

[0 06 1 ] (8) SfSG'Sffl 30 

r . #ft < £ *> 1 SlOIeIBS©^ 1 (Pi=?sig<elelBSk*, A 
^jg«SfeJ:0«^*gS^^b, A^3ftfc 
rtu $>W1^£ A^SSC'fife J: o'^ssa^f[i<c J: 0 
^£*fi|frc*8U ttOS^Si*. A^SSC-itfe 

[ 0 0 6 2] c <omi$, titer trmw/J} 
ft*, iffcssfro-c, a»i©iliS<OA^S(oii^j:o''Ji 

z>. 

[0 06 3] (9) m9(o%m 
Sft&W»«fc^»Sftfc1*3»KiiBD#^&*in0»^ 



4^2 0 0 3- 1 88 727 

[ 0 0 6 4] c ®i^, W 0 * *j AA«a* fc 

tifiSSfS©-»* W IS 5 ft fcttS £ fc K0BM 2 ^fc 
WSKQt) if*. & c £ J: 0 . SWWSBOAA^SK fc 

[0065] ( i 0 > m\ oo>§m 
<om&&w&tc&m.ji\tc.mi intern i%£i>&2v>& 

ccjg^^ftfcfe^r^i, 

[0066] wo«^*«i» ! y«^'r&£, sw*« 

^ffiflSfcteBflJccj&ftSft*. -c-ft^cto, fiigsa 

* <t , »we«acir) A^jflB* i ftTM* t o>m&m 1 
o^s^^^^ft*. -erft^jcD. 

gfci**ftS^&, 

[0067] ( 1 i } f 1 1 o>&m 

[ 0 0 6 8] ^SCDSe^^*-i#^Sfi^0 &ffi/J#]CC# 

^ 2 ^5C^ig$-0^^ $ ft *o c-ft^«*:o, 

J: 0 m^ld! ^ < c £ tc ft * . cc 
"O*. ^0#^S^^2cC^eJ:0fedi^»cilg^$ft 

2 ©Tfffi©**^**^ &*3l^«c < ft »J . tt£& 

fiC*'9»tC^iWi^'9&^< ft^>. 

[0 06 9] (12)01 S^lfem 

^ 1 2 ammtc 7 * u m z b&smmt* n 

C^'C. A^SSC*, »#iSiBS©A**^-«a£5U*fcli 
it?iJ^sg:Wj=>ft^c^<0'C*'S>o 
[ 0 0 7 0 ] W0»^€»tt ! b«K: , r-&£, iS^if<s 

tcg^$ft-s>. -eftodofco. AA*a^*D*3rct*«* 

Sfc, W9«A*B**W**CT&£, 
Sec- W ^ 1 ^S«>^S« 3 ft *a -Cticcj; 
0 . JJ?#fi4*@i>£ fct*Wftir 6. 
[0 07 1 ] (13)^1 zv>&m 
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1 0 0 7 2] «»AAfllCCtt 

SB©tfi&^*fcJ:flfW:M*&- , X Cite ft*. CC 
T-tf . 49 0 SAW 2 ©«B J: 0 4> AAMkSMS S n 

* c t k j: o . wo #*si^affitt»a:i&s $ tifcttd 

<ft0, *flfe»«fl>«i&-5*Kj:&«1W>«6-3#**ft 

<ft£ Q 

[007 3] (\4) m\ 40>§m 

4 <3C'^tC«fc£ 7 ^ P JUglftHWDflMttCto 
I'T. ^ft< £fc ia©HWiE>T^»5 r - , 3 !B ^**jW 

a 3 nfc 7 f a ^ <t im? *a»®tti^si 

[ o 074] c <TA%i5, s>@see#&±b§&k £ o 
n^gm^s^^M^ & c i tc j: o . stt^s^^s i- 

[0 07 51 (1 5)^1 5cr>^ 30 

[ o 0 7 6] cow*. Mm^^mm^c j: o^£s 
n-s giss^ * c £ k ct o . wraE£>BEE u 

p yaafts©? ^xir-ju u Kin d#a 

[ 0 0 7 7] 

ill 1 «**^fi5SP£ 1 ©JW«HBJftKUal*&*W ^* > 



W32 0 0 3- 1 88 7 27 
iT'&£o 0 1 ©T^c ^- ^^igfcES&l*. 1 0 fe' 

[0 07 8] BHC*$l--C. T^* P p-T^'P )V#&m 
§&3-6, *IS<B? * *BK7toJ:CrtlttHHS**&1* 

[0079] IRS <tt»> 0>lElS&3t*, ttO^ApJBi 

a. D/Aa>^-* 1 0. W*J**iMft1W«rr 
&MIW4EBB 1 1 a . 1 2 4a J: CHDMMB 

1 3£<i;i£. 1 2 fcJctfMWJNBB 1 3 

ififflS&&BBB& 1 4 2^§4iJ:O'3^0^ 

— 3r l 0. iMMWSBE&l l , 2H£im& 

*. 

[0 08 0] B l©.'W^^>a7+t3 y-^^.«u 
S^IeiiS 1 *B 2 0 a>fi£*<£>7 ^* P ^^(SMB 
^& 1 0 0 i «ft *<Z>t£, 1 lgO<??lslB§ 3 tc^? *J g * pjtfs 
ft ^ i--^ b > Z>*?~? A / D =3 9 

a 4a i: t>'^J 0 M ^. reft *Uff * flRmwaiS l 1 

[ 0 0 8 1] C CVli, 1 8@©@B3rtW7 , A/D 

Eb>^viN B .o tcftD^fen. 7J-ay\i3m^- 

[ 0 0 8 2] 1 3ftSG>B§&3 ~5 rt^D/A ^ 

I OCO^-'UX^-JH^^^iSB^^tl. 2f£S 

- 4IRE0>[b|IS 4-6 rt©*^A / D 3 > / <— * 9 (t>7 

,'U^^-^u>^i@^3tirc^ 0 *fc, lissom 

§S 3 F^O>3rVfi4lEl8S 1 3 4d J: Z> 2 « a to J: CX 3 Se© 
UBS 3 , 4 l*J0Oig#»S<eBRS 11,13 <J>W&& 2 T* 

[0083] l«@©@B83(*4tf* hit.®, 2-4^* 

gfiE>@n 4-6 a^neh 2 1* ^ h mifccfo i - 3 

9 ate*tfD/A2 1 0CE>tf9 Hi 
[0084] A/Jff ^-CD^E b > V I N 
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[ o 0 8 5] cc r-t t , r + p * a*«*wse ir^st' * 

[0086] -*>7\'l*-^HslS&2fcS:, T^a^A^ 
[0 08 7 ] lftS<Z>ISn3<Cfcl*'C. 1t*^A/D=2> 



4*892 00 3- 1 887 2 7 
16 



[0 08 8] t^A/D3>^-#9 a©A/Di£S&$S 
»-C**±tt4tf* HW^iHA <2 V . 2° , 2 
• . 2* > (£. D/A2>;<-^ 1 0^!w££*l<5££ 

ft*. D/A3>/<-* 1 Ott, ^'A/D2>^-^ 
9 a&A/DSfttt:fc'r&&-btiL4 tf * HO^t>*JKH 

[0089] D/A^>-'<-^ 1 0©7.'UXt--/UU> 

*>v*. ±£4>J:3tcv i n— /2ec*sa»3#^6nn** [0 09 0] 

< 1 ftS4>dWfe> 
= (2" - 1 > x ( V i N,-. ) /2< 
= 1 5V | N D . a /IS 

CC. T^D *A*©^<B*Ei'>SWV j N 0 .o/2cc:' *20 [0 09 1] 

= CV i N... /2 ) x £ 
= VIN-. 

tc7+*9 XKm^V ! a £ D / A ^ > ; * 1 0 tf> D [ 0 0 9 2] 1 «S4>ffi&*gte!€g& 1 4 <0fflA*l± L» > 

= < (V j N— ) - < 1 5 V i N B . fl /\ 6> > X2 
= V ! No.. /8 

2igaa>@s&4R:45i'r«. ^a/dsw<->s 
&&&mt* d/a3>«-> i o^essn&ti*) 

cftccj:o. 2©ecC'lEiSS4^64 1 ±ii2 tr? 

[ o 093] mm%tm& 1 1 « % i ®m<m& 

3 0C'i^^<ePK 1 4<Oiii/j£i£*iT£o WWIiiasS 

0©D/AS»«SS:t«:W5c^*CWit-&. 

[0 09 4] 3^00lslBS5fcC55^*CCi, 2^B:S^H1»S 
4CB&#&le|siB&l 40?i±lA?CC^UC2^:SC0IiIBS4 i 
Hfl&ttf£0'tTt>ft&. «MCJ:*). 3J£O<0HB85A> 
&+T&2fc? h©^4>**HWj <£' , 2' ) iOWfc 
ft*. 

[0 09 5] 4£*@<^mB560Cfc^C&, 3l£B<El!5& 
5 09ifc#ig<ml5]B8 1 4 COtii /36C# L/C "tf"^A/ D3>^' 



( 2 1 , 2° ) a*f^*i£o 

[ 0 0 9 6] 1 RS-*- 4fitg0BB3 ^6fi0fl> * JHfl 

*, -Tvsbfc. S^?*!eiB87l±#pBS3 ^6©^:>£ 
.'Uai/SCOIH^?: 4; * fctf>K l&tt f=>ft'C <, >* o 
[0097] til*r@SS8i*. rtD^OTVin© 
1 0 f i- HO^l** JUffi^jD o u t &>£&m££kZr : l> 

[ 0 0 9 8] ±f2G> J: 0^. T ^ P ^A^ft^-^E U 
>^^V i N.. B /2CDi©^CC(i t 1 SSOfE|BS3^ 
^493^1 1 afl>f«l®4a«fcU f iSS©@§S3«>^A 

C t ^ J: 0 , 1 ISO£>Is)BS 3 co^^4lHS& 1 4 6 2 
^SC^5^^^n^tii^ff^«:'SEEi->^v^ r 

cc. vi n d- » /8<tv^. -entc^D, T^a^A^ 

l> ^"t 5 ^ .»U tij /3 sOW 

[ 0 0 9 9] {y o T . lei^^lK'^^^^T ^CiV 
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ir d r l> Z frK®m$& ^felk? £ C t -So 
[0 1 0 0 ] 44WG>«9ftKJ:ntt. HHHtiMMW 

S> ^ ^S^IbIBS £ > SOU x > Y r A/3'ft^O}T w i- 
[ 0 1 0 1 ] 02 ( a > , < b > liB 1 <DT^n ^-r 

[ 0 1 0 2 ] H2 < a ) (£5%? J: &ft?:r*x> 
KA/sH^li. «»ie«raB8l 1 a©*Uft*lf&£tyQ 

&2VIN... KtyQtM.*. *tffC4*, sJbVzrilx. 
> K \Jj0>T+ d i^AAflWV i n ©iEfflT?" a ^AA 
gEVm C+Mil. 0V*62. 0 V«ftKH*CXft 

i. ov^jffl-csfcffc**. r^-p^AAowv i n<o 

[0 103] 2V j = (V i n < + > -V i n 
{-) } cos^ffi- fVin( + ) -Via (-))© 

m>m=2. o [v] 

ret ( +■ ) 4* 1 - 0 V4*62 . 0 Vcffltfjfcb, 
MSOMEEV r e f < - Mi 2 - 0 V*>& 1 . 0 VO> 

[ 0 1 0 4 ] H2 { b > K^TJ: ^K. K 
AftttKI*. &&&&&&& I 1 a<PW#£2^KtflO# 

A©7^d ?A/5fl^V i ii<DjE«7+D ^/jSJEV 

» «i < + ) til. 0Vd»6 2- OVeflQ-C&ffcU * 
feijr^D i/A/5iEEV ! si ( - > I* 1 . 5 V r^JE-cab 
-6. 7* a ifATAt^v i ii^BEu>i>ii, &30>J: 

[0 1 05] V I N... = (V i n ( + ) -Via 
{ - > } (05*10- { V i ii { + ) - V ! n { - > } <0 
S'M@= 1. 0 [V] 

C<£tg£\ ^A/D2>J<-^9 a©iEW*-£JBEV 
ref < + > t* 1 . 0 V*»6 2 . 0 VCDWCXfkU 
MWEV ref { - H* 1 ■ 5 VtHtCA*. 
[0 10 6] CtfDJ^tc Hifl>r+ny-f !r y*jugt 
ai£i881fc:*J<r>*Ct±, M^y^JUx^ KA#£*£5'> 

[ 0 10 7] Sfc, S' > SOUx > KA*fl>T^o ^AA 
<f#©@EE > 1 / 2 <C& IE? £ «fc CJ^Mfc 

YKfjO>T 1* o *AAOT©SJE u > ft \ 
/ 2 K&ii^ * *B#tC . IsRltfl^ WMt^W i ft? 



0) WB2 0 0S - 1 887 27 

IS 

[0 10 8] CCDJ^CCUT, II— ©LS ! (*s§8Bfc 
©^E l/>^^d^? :f A IC2£3ST& C <t £ 
[0109] ( 2 ) M2 ©JBftco^iS 

Rltt, *>^*-JlyFBBI2, imo-4^g<DHl 
g§3-6, *H^CC-^ ? ^lsiBS7feJ:Ci £ tiiAl53SS8^^ 

[0 111] H&OC0JlB5 3li4fc'v> hWA. 2 -4^ 

e©0s&4-6«-tn'Wi2fc:^ tnMPc**. 1-3 

2Q Sb^t^D/A^ 1 0. lObOtr^hift 

{tr^ hum) tffiii>(cBHesnri>&. 

[01123 i«g ©mssatf, m/Da 

>.<-^9, D/A2>;<-*10. WHiiBKl 
1. i^H^l 2 ii J: t>*^ OS^^^fHI^lt^i 

IMWSS&1 3 a&©*£. S5»HK 1 ZWffiHW 

^BS 1 3 a #$U£iS4SgiB& 1 4 a tttflW*. 
[0 1 13] 2gSfeJ:tJ c 3l£SG>lslBS4, 54*. tt*J 

#^^fiW'7>l/^^--JUi>>S>*WT^ , ^A/D3> 

30 ^D/A2>;<-^l()b. MWMSSIl 1. Sfii 
g§l 2feJ:0'i=|Sit<lili}BS 1 3^<i^-5a WWUBa 1 2 
bJ:tfttWWIH 1 3 sPttffJtttlBn i 4 

[0 1 14] CCVlt* aW^4HI(0f^A/Da 
>."E-^9 b#. ^2 0«52K§^4Jae^^A/D 
3>^-4?9«>2^Ci[>tSg?:W^*^©i'r^ UT. 

2 s s - 4 mm & 2 ^^A/D^W* 

[oii5] i &mamv& zft(oimt&flmn \4&<d 

Wi*H&42fttK:tt0^pJS&c**. 2S: 
S-4IS:SC>IaiB§4-6pi«:"^7 r A/ / D=3>' ,l f-3f9 b 
€D?*A4r-*U>i*l*V I N... /8iV IN... / 

i ettcttos^Bjftr'^-So 2f£gi$«£t>'3 

SS0C'li|»S4, 5rt©D/A3>M-> 1 0 DCO^-'UX 
i'-^U>i>i*Vi No., /4iVIN 0 . D /8 4tcftJ 

so [0 116] CCt(i, lAS«DBH3rt«E>ia9[4Hlli 
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x{r-<UU>^£V j N... /\ 6KftO#;i. 2f£§ 
fc£tf3f£l3<C'lHi§&4. 5|*ifl!>B/A:3»<-* 1 0 I) 

1 lg@Oll»&3 W^A /D a>;<-^9©3*^ if 



(11) 4WB2 0 0 3- 1 88 72 7 

20 

* [0119] l^g<DlH]GS3tv:*H^C. f^A/D2> 

r-*6±&4brv K0'rt>3fJUfflA (2* , 2 B . 
2 r . 2° ) ft. D/A3>'<-* 1 O^SBMJV&t 

£tt* 0 D/A n^M-* 1 Oli, t^A/D3^-'<- 
*9©A/D9SJ«*S:X t *4±Ci4 Wft>*t)\,& 

[0121] D/A =2 1 
[0122] 



10 



£ 1 o eolEil 



[0 1 ! 7] CCTii, 7 + C yA^il^<Omtix>^ 
[0 116] if>7\'U*-*KII!SS2t*. 7tP^A* 

ma, i©s©ia»3MS£;*tt*. * 

= €2' - 1 > x (VI No. d > Z'2" 
= 1 5V j N>. 0 / 1 5 

^ U > ^ u -cWSfc J: 0W** * o MUMMEH i [0123] 

= V i N„.pX i 
= ViN 0 -. 

1 4 a ti, 1 1 * [0124] 1 8i^Ste@£S 1 4 a (OWS fcfc 1 tc 

ftiT^D^A/jff^V » siiD/A^-**-* l 0<DD *?}*>^x.f>ftX^Z>V>X'. 1 K^O^^I@«imi6& 1 4 a 

/A[*a«*mi*«»l*'C j®»ig«iPKl 4 30 ©Hl*tlEU>^ ;XK<Z>J:^6c3!3n&o 

a<z>ay?i±, 2ige<DHBS4-S3£3n&. ★ [0125] 

= ((Vi N B . fl > - < 1 5V i N.-o / I 6) ) X l 
= V I N o- b /I 6 



1 as«E>BK3CE>miEWnB 1 4a©ta»i 

TA/DSa££tT^ a f^'A/D2>;^^9bCA/ 
D**Sllt D/A2>''^^ 1 0 b^tw£2to&£ 

[0 12 6] cMfti t^A/Da^'*-* 9 Mi, 
H2 0W^A/Da>^<-*9©aiS©lt**W* 
AH?. HI 2 0«>-tf-^A/D3>'<-*9fl>*5W>^Jl'^ 
;Hx>^v I No.o /l 6T?2la@<PlElS&4a-&* 



ifr&p 

[0127] D/A=2>;<-£ l 0 bi*, m/Da 

40 [0 12 8] D/A^>'" i -$ 1 0 b<Dr? )lA*r-}l 
>tH*lil2 0 02 D/A 1 ()C4^V I N 

1 0 b OiE^liB /j^E U > i'Ji, '%J&<0£ t,cm z n 

[0129] 



ifiSb'-; KJC-^V^JldiA? <2* , 2< ) ^f#6n * 

< 2|£e<D^i¥re- 1 > x { D/A=i> M-Jr 1 0 bG>?*Xir-*l/>!>> 

= (2 , -l) X (VI No.. /8 ) /2 s 
= 3V i Np.p /32 
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4SK12 0 0 3-188727 

24 



<CA/CB> 



Vo (-) = <V i n ( -) -VRT 1 ) 
£Vo = Vo ( + ) -Vo {-) 

= (V i n < + > -V i n < -> > 

mwr, #sftiwog*.@Bi ii.li 

fiCB&WOS^&C^iCfcO, 9MMMIBB1 la© 

[0143] iB&iiBi icr^o jf-r&*}\>ttwmn 

1 K W &ffi*iMBB 1 1 a <o1#ii£©» 2 4>fl tatt" 
BttBT*&. 

[0144] B50>3WMBS 1 1 a t£, KttMtaS 10 
110, 2 3, 1 2 4.^311^30^^11] 

B125. 1 £ S«S£0'Z<< ? * 1 1 5 - 1 2 2£t^ 

[0145] 1 l 0 (DJKEAAS^i^S 

2 3 £ n . MMt* 1 <f> 

$n i ct^, Sfc, SWRSl 10©HSA**Fk: 
Lr-CffBMflDtt&BB 1 2 5«4Mdtl, 

Vo ( + ) = (Vm ( + ) -VRTl) - (CC/CD) 
Vo (-) = <V i n (-) -VRTl) - (CC/CD) 
A V o = V o < + > -Vo {-> 
= (V in { + > -V s n 
Otc&iX* ««Mn«)S*BBl 2 5. 1 2 6 ©S3 
fiCC&*J*JS*&ct«:«l:#J, S»*»«BBl la© 
f<If# £tt 0 flit £ C t&X' £ £o 
[0149] B6HB 1 1 tfWJWWBB 1 1 a flDMffc 

[0 1 5 0 3 08 -S3 1 1 icitt>x. :3>r>-tfCa, 

[0 15 1] B6©ffi"C**. >S#i§*|gll 1 (>©E^A 
i SftttftKT- t ©B6C in (1© =2 > r C a Q> 



(CA/CB) 

* 2 B3M*»sn-ci*&. 

[0 146] iE«r^pyAj3@EV i n < + > 4a£0' 

❖bsssseevr t i ^n-etiA^ ? * i i 5, 11 

fc. mWr^o^AASEV » n {-) iicfcO'+P^^ 

ievrt i #-en-en* -f^ii?, i i s 

T«Mttt*) £ it BB1 2 Btc^^6tb-2>o stsswss 

1 i iXPSSA*®^, (aEffi**?-. #BXKM*f 

20, 121, i 2 2&n-o a ctfiibdtirc^ a , 

[0 1471CC-C, *KW0Ott*Bni 2 5. 12 

e©«att&*<vencc<!:u ^>^>^i£3. i 

2 4 GDsa^fc-enenc ajphmi i 

j:a«#se83^*f- o>%m\r 1* p ^m^sv o ( - > 

[ 0 l 4 8 ] 



1 0 C^Rte A**f £ ft&MftjM* tomtc mmo 
nx^i>o i»«i@4iS i i OtfSISA**-! 1 ^ 

influx >r>-*C l>#89ft$n, 2 

[0152] iEliiT^P ^AA^EEV in { + ) SK-tt 
■wi*** ? * S 1 ^r/rUX^l5A^^to2 ml®© 2 

JSEV i n ( - > neft*-* ? 1 */rL/*C*JSS 

m«Ev r T^-en-en* w s 2 ^/K/T^fsA;^ 



{ -> } - (CC/CD) 

vr B^n-en^ ? ^ s 2 &*Mt'c#KflEAftNHF- 

[0153] *fflT"'li, X/5SS(Dfii^2 mC'C^^>o 
J»2!»CiwD. ?^Sa£*?K^&£. ^ ^ - 

C 4; «C i: 0 f^Jff * l^i^cD, tfflfX- > K A/jB^td 
2®inf*o 

[0 154] B 7 »»W1S1 1 0©^SA 

40 fi$t $ n. ^ 2>f>tcci<: m^c x ^ ^> * s 

•^C a ©M^IiiBSi 2 miSJoC'^ >r >1fC c ©3t5lJHSS 

flfSaJ^SnirW. H7«>SSS**iBIISl la 
(D^^^©w5£ti, B 6 «*fl*SiIB 1 1 aiPlli 

[0 15 5] *Wr?li, A/jSS«2inCt*6o 
-^Sa^tV^at, ^ ^- KM- i7^£©H 
50 **2mC<fcfrO. A^^Sa^*^^f^i. ^-f- 
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C <!: K J: 0 fiJ|#^ l & £ a o , SOfcx > K A /j^cc 
[0156] {a&Otfrt*. ft#*MSe 1 1 0©SKA 

Wc mtih £ ft. S*-? > r >^C a {<: jl^Jcc ^ A ? * S 

S t #£tifflj t comic 2 m®o>*>-T> 

i j&?4cc ^n, 3 > r >-y- C a tc^fe^ijec x ^ 
?^Sari^$3ftr^<2u H8<DiS^<s^BS 1 la 

[0157] *fltr-tt > A/JSScr>fg^2 mC'C*6o 

[0158] 09©«t1*. ft&SMtt 1 1 OC'^SA 
j^tii/j^ £ © WC mil© ri>r>^Ca© 

©# ^AAS+i £ ©HI inlH© ^ > 

r>ifCa<ojk9jisi^^^m:^^o 

tftt 2 ft, #SRAA^«£ 2 mil© =J > r C I) ^ 

&#3ftTiJ&. 

[0159] EfllT* e ^A^^EV in ( + ) #*ft 

t-nA^-^si, s 1 a =£/ror^Ji7^^iai^2 

m|li]©=?Vr>ifC btc^*.kft&, «IJ7^e3 

^amuv i 11 {-> ^n-ew^ ^s 1, si 

2, S2a^^Uri!xl5A^^iicc:'Q^^2>^>^ 

*>n % fisattwa«Ev r B#«ft-eft* w * * 

S 2. S 2 a ^^ur^f^^^PJ^mflscc^vr 

[0 16 0 ] *Wt?ti, ? i— K'*<? S^giDfiikSmC 
T'£>£ 0 A^ ? ?Sla, S2 a£*>t£ir££. AA 
SS©*t^2mCi^«J. ^^^Sla, S2a*t 

ggfiyVJl/XV FAAB#Kk*, a^-^SU, S2a 



CM) WH2 0 0 3- 1 887 27 

26 

KAAHIC^ A^-^Sla, S2af:A^'; 
[ 0 1 6 1 ] 0 1 0 OttCtt, »IM«S 1 1 0 (Dm* 

©3cW@wwtt3ftT<r»*. ratwe. arntwiei i 
0 ©ar&jmi?- t ^seaAifrT- £©Ea m m<o ^ 

1 1 0 <Qf?MXft&+fc 2 inili]© =2 >^>-^C c 

3£^K2 mfla©3>r >i^C c<I>a£fUlBlSfi* s l*»3n, 
^ > ^>17*C c ©3£?«ilslB§<<: 2 fflfli©n > C b *t 

stvci'*. @i 0 ©aBsie«aas& 1 1 a<o^©s^© 

4i!5£i*, lH6©i=^ts|ejBSl 1 ai(5J-1^r-aba B 
[0162] $i?UT'J±, V < - K^<» ^SS(^fii*inC 
-C'*£p A^^^Sa*^>tc-r^>i. AA^S©ii^ 
2n^Ct^0. *S a^^^ic-T-Sxi:, A/JSS 

B#Ki£, X^^^Sa*^^tcr*Cit£iJ:»J$UfiAU 
^i^C 0 , y.'Ux > K A^BItCi*. a ^ ? S a 

[01631S1 1 CO^^Ci*, aVSMS 1 1 0 ©^ 
0 ©#S3(SAWiT i *R(EBH AIM 1 tCWB ^ m iM3© =3 



WIS 1 1 OCESsA**?-^ mflca >r>ifC c 
©3t?lJlll»&^fg^$4T., r3>r > ">l7-Cc(D^J[BiB§0c:2 

^A^^sa^i^nrt^. ^fe, 

s&ric 2 mil© 3>f>tCc ©frfUliiS&ftMitt ^41. 
3 > ^>^C c ©3E^JI1BS^ 2 mil© ^>f >tCb^ 
Jft* 3 ft, ^ > ?>VC b ^3£?fjcc ^^;*Sa i^S^ 

[0 16 4] *f?lj-ci±, ^ < - m v ^^SOfiii*mC 

r*a 0 x^.^^Sa*^>tc^^>i. A^£©H# 

2mCttt*J. ^-i i'^S a^r^^icr^i, A/5SS 
©fjfid^mCia-S. l/fc^ot, sSS^^Ux^KA* 
a#f<:^ x-Y ^^Sa«:7h^u:f^citcj:0W^l 
i^i^ 0 , S'> ^'U^- > K A>7H#tCi*. A^-^Sa^: 

[ 0 1 6 5 ] m 6 -Bj 1 1 ©»#*ilEW I la^ 
r. ±iafl>J:^i<:, A^-^SaliMOSb^^^A^ 
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[0 1 6 6 ] 06feJ:O'la7<^«ir*t*. A^^^Sa^ 

t6ttsnfc«&. *^sf*Sa©*>WK:*>iKiftWff 
"C&ftl*. 

[0 1 6 8] H6CD^i?v*. A^^fSa^2^f>f 

r. B6G>0*3*£t>ft?£tA>o 

[0169] B9«>fl!l"CW:, A^fSla, S 
2 a >r>1tC b J: D SftTC»6o 
iSiC. 3>f>tCbA^^*Sla, S2 a 
AMN^tMdtlTC^lfld, a^?^SU, S2a 

o , #£&a^i*6o * ic j: o f»tff 
anS£-?< £&tett&. B9<D0i<z>tl:5oc, a -f * s 
la, S2a^>f>tCD J: 0 & 

tcb s»4*gfi ft oBsti-s. o fc# o r , 
[ o 1 7 o 1 13 1 2 i±b i ©r * o r^-^Sda^ 

MfeiiWBBB. Bl 3«BI1 2«W-^A/D3>m- 
* 9 a td$i3C*6*vS>:2 >'{U~*4>tlttftn%3'HttBT l 

[0171101 2tCfe<,»*C, m/DaW<-#9 
at*. ^^«fe£-$-&ilBB£EIS£l5lS9 2. 9 3 

[0172] £f$@EE?fe£liB9 2«. fiMtcfMSSn 
fcWM>*RRa&»6fe&. ii£SMEa4@§S9 3 a l±, 

EBS9 3 bl*. 3 nfclttfccataR 1 **feft 

[0 17 3] Si@eE££!Bi]S9 2tt. ABtiffllttME 
EV R T -S^-KN91 £OTffiflUHKEV R 



,5) 4*832 0 0 3- 1 8 8727 

28 

sIE££ES&9 3 a tt, S«&«S^SEEV R T 
£ ,> - F N 9 3 iffimMflSaMEE V R B £ ✓ - 
rN9 4tW^, a^'^S24, S2 5*rt-bTtt 
SfcSivCl'*. «£@£E%4iaSS9 3b«, ?MliMHC 
!£SEV R T & ✓ - F N 9 3 £ IfiStilttVRE 
VRB**W4 FN 9 4 &G>B<CttftS4VC<'»6« 
S$«E^:BBS9 3 aCD+B^- FN9 5 i^ig^E 
«tB»9 3b©#B^- FN9 6iCEJBK:tt. ^ s 

10 ?-S2 60*tftt2n'Cl*&, 

[0174] ttfp«BE^BR9 2®f^RHiZ>tt*£ 
K€ftenBft*rattE*s£/ft£ti£. B«e. SB 
^E^li^9 3 a <MmRmw&&&tCZto*:tmU 

9 2KJ:QB6n£Hft&SMBS£jEiNiltfBEV r 
ef (f) i^J^o g£ME#fe£BB9 3a(C£0@& 
n*flft*^ttE*MlHE9mEV ref (- ) 

[0 1 7 5 3 S!¥«ffi»4lElSS9 3b©*B^- KN9 

20 6 ret*, ssftflffii^E v r T ±\&m&®mmm&v 

RB£4>4B®BEX*&&4 l Bi£S«EVRT 1 < = 
(VRT-VRB) /2> -^^Stl^o 
[0 1 7 6] 01 3tC^T£^C, &3W«U->9 0 
(j. |M9i, 3>f>fCl, C2i}^;^A^ 
? * S 1 3 - S 1 8 9 1 <Of?M?s.fi 

S 1 4d4msnri'&. Sfc, 3WSWS9 lC'jRg 
AW^i^>f>fCl^^n, #SCAA4S 

l^iiA^-;f S15, S16*iS83n, 3>^>it- 
CZtCteH ^^S 1 7, S 1 8;#tttt3trC<r>*. ft 
fe. Bl 2i?i*. #a>;<b->90©^<(?fS 1 

3, S 1 40B^-& i 6mi'*Ct'-& D 
[0177] E«rtoyW3SEV i n C + > 

ref { + ) ifitt^ti^-i ;f SI 

5, S 1 6 Srrt Its >f>« 1 S 

fe. niBr^o^AASEv i n <- > fc£o\m<iJ£ai 

[0178] WJW^ffiir**. a^^S13, S 1 4 , 

Si 5, S17W>U ^-Y-^^sie, S 1 8 w 

7l , Cl^ D v^, a^-;?S13, SM^t^Ofc 
Bt. ^^?^S15. SI 7^*7U. a^-^SI 

6, Sl8-$:t>^, a^-;*S1 3, Sl4?:5f7 
L/fcS*«T?, i«?£it<iS9 10>S3KAMftT«5<fcC^S 

SAAfiTOSE* (Via < + ) -Vref ( + ) ) 
MPb, ^(EAAS^CSffi^ (Vin {-> -V r 

so ef (-> > mm*** fernm* m&T'T&yAt)^ 
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Etvm (+) -via <-) ) tm*b&mm± < v 

ref ( + > - Vref ( - ) > ttf>ft$u$ft. tifi&A 
mzfcOXJEm7rv?&ij&&V out { + ) &J:tf 

Mir*- a mij&izv out < - > jWtffc-ra. 

[0 1 7 9] ©1 2<DSS«>3>MU-$?9 0<C'ttfa^ 
Mx>3-^95 0tc<fc->rx>:3- K-T^C^ccj: 
0. ^V^'U^s- KD c o d e&fS4C&tf'C&&. 

[0 1 8 0] HI 2^'A/D=2>;<-^9a^iit^ 
r. Mfii> / /^X> KAftHCCli. ^^;*S24, S 

tt&mm&mMELy ret <-> *^^6n^. 

Jbx> KJJjWCI*. ■;> : ? 1 S2 4. S25?:t7 
(./. ;W?*S2 6&*>*«'&o ^tUCcfc*- 1 . 

rs^BEIfe^^i5S9 3 b K J: 0 ^f^I^EV R T ! 

[018!] CC'J^tCU't, ^A/D2>;<-^9 

[0182] --1*5, £0KEft£lElB8 931) 

cc. *^?*s2 6&^^Ef££!ejB59 3aC'4 3 ki.-' 

- h" N 9 5 t m^nSXSLWk 9 2 <£<NS K ^^(S 
[0 1 8 3 ] 0 1 41*11 1 ©r^G^-r^^^&lH 

[ 0 1 8 4 ] m 1 4 KC*!t»'C, £2ME&£lilHl 9 3a 
0>tp^y - FN 9 5 t^«BE^PB59 3 b ©+IBI ✓ 
-KN9 6<t<3Cf^t±, Hi 2tf>>W *^S2 B#4M 

[0 1 8 5] HI SKntTJ^CC, Sr2>Mi^-5?9 0 
(t. £M«4gB9l. 2>f>fCl. C2fc£tf;W 
I 3-S 1 8&^#. SfctC^-f *S2 1 . S 
2 2£r*tr> 0 * A * 2 1 <D— t£&zi>7>1tC 1 £ 

*t«sn, v>*S2 1 eraiflBttsntv*. * 

tilM 1 4 4>£mi£#&&@ 9 3 bflS^IB^— KN 9 6 iC 

ttttsnrc^. Hi 5©3>mi — * 9 o (Piters 

[0 18 6] g?|^EES&£|£i9 3 D t£ Jr. 0 (MSVES 

[0187] fttt?'^Jt'X> KA*&©E 1 5C3>^ 
I — 5?9 0Q^lt EJl 30>=2>;<b-£9 0<£SME 



5) «H2003- 1 8 8727 

30 

S 1 8<Wfc>0K;W ?^S2 2&saf£$tt&, C<Di 

[0188101 4fl)f?'A/Da>^-^9a«:4i^ 
r. MUTt/^jO FAftttKli. ^•/ ■^S24, S 
2&=£*>f"5. C0>6*. X^;?S21, S 2 2 li 

>x>irC 18 *r/r L*t£ift^E2££H 

S&9 3 a tc J: 9 *n* r ftS&&#«ISi£sEEV ref 

10 ??S2 4. S 2 5**7 U A^^Sl8Wt>0 

2 ii*^#*7L>rt,'£, -encccfco. s-a>;*u-* 

9 >^>1fC ? *S 2 2*/rUCSm^ 

E££Ei&9 3 b K J: *J 4>nX« «E V R T 1 6 

[0 18 9] COJ^Cb'C, f^A/C'3>;<-^9 
a*£te(,'X\ 7 ;U - ^ u > ^^i?] 0 
[0 19 0 ] ftfe. * 9 Otc*<f ?^S2 

1 £ l&tt < *C *> J: t ^ > *1 I — & 9 0 <Dm$%fef& 

1 0 1 9 1 ] m 1 6 \m 3 Gt>T p ^s>* jUSBB 
SSI ^feW^2lRg^BS4rttD^^'A/D=2^<'<-^ 
9 b(Z:'lsl§SlilT'^-&o @1 6(7>^ , 7 r A/D^>^-^9 

[0192] If 7'A/D:3>^'-£9 bt±, S^^S^r 
»f&MSE|fea@l8 9 4. 9 5 46 J: O'tSSIBI© 2 

30 4, 950>&^i*, *gtaR2, 2n WfetiR^J:0'te 
laR33^5v^, tttaR2. R 3 l«n-enteUiR<7>n 
<a©fefifi&ST* 0 tti»R2, 2 5iiSl^tettR4(5J:0' 
!BSR3I*. iS*&IS!lSS^«EVRTS**W'S-'-F 
N 9 7 tflraffiffiflMm^E V RB2 ?:^:W^> s — KN 9 
8icci^5ntl^, feKR2cC'M^tc^^^ ^ 

[0193] S^«E»^0§»9 4©3filSRIS0D««^ 

40 ^E2££PiE&9 5®atSRfi5a>***tt:*nenjS«* 

4^ch0f§^ti^M^^s^S^E^]S^EV r e 
f ( + ) S^E-^lllSS 9 5 Jr 0 6 n 6 

[0 19 4] iEfflr^D ^XASffiV in { + > 4«5J:o' 
lE^JSCE^JEV ref < + > rtH-n-ett A A v 9 S 1 
5. S 1 6^JVl/i:#3>;q,-^9 0a>3>^">^C 

i^^x^n-s. sai, .m^Jr^D^x^JEv i n 

{ - > i)J:0*IlllIiiEV ref ( - > ^W-etiA 
50 ^ ^S17. S 1 8«:A-Ur#=2>^U-^9 00=2 
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[01951CC 1?, SSfBtiMWiMEV R T 2 <L<£S5 
OlUmfSfiEV R B 2 iCMiiV 1 N..o /8«C«*3 
n&. £m^)±^£@S&9 5, 9 600*^ i *S28. 

/lem. Sfc. ^^^S28, S29£* 
>ter*&. ^*Xjr-*U>S>l*V I Np.o /8±tt 

7^*--Ab>l>4 lfg£2<&<t£ta0ff 

[0196101 TtiHISCDr^a^-^^JBtta 
ggl lCfcW&2£@©I§lfc4rt(PD/Aa>- , <-* 1 0 

[0 1971 D/A^>;<-£ ! 04*. 

^nff&«PiEffl4>* * * * s 5 i . S52. &&m<o 

nm<QA 4 i S 5 3 . S54, ttRflKMEffc > ^ > 
[0198] S^@E^0!^9 6«*. tettR4 . 

St£fl*]&?tsEV R T 3 ✓ — FN i 0 1 it5^ 

{frflSWIE V R B 3 &y-KN102i GDflfl K 

[01991 >-r>^c 50, c 5 1 1» ^TpiliS 
Sfi £Wf 3>f>fC5 0 «E>— t UT, 

A ( + ) A^eS3 n, =3>f>^C5 1 (9— 
<UT. ffi^«^ic^> Nl l2*6IHUMflEitt) 
SEVD A (- > M&J&SMo ft*. &^>^>1^C 

5 0 . C51 ottrtrott^^AANR 1 ^^. 

[ 0 £ 0 0 ] -f * * S 5 I <D—Ji<D&fr li&Jn R 4 
iftmRiCE)^©^- KN 1 0 3ti««s*n, tt#0>*S 

^^>r>i^c5 0(OA/j^tcg^$nrir^o # 

*4 * ?S 5 2 ©— *<OMm**tSR 5 itSlSR £G>SS 
O~#0tt?- i*JSKR 4 £S£taR t©BW>^ - K N 1 0 
^R5ifeinR<tcr>racoy-KNl 0 4CC»«sn, 



7) «BI2 0 0 3- 1 887 27 

32 

[0201]X<f??S51. S 5 2, S 5 3, S 5 4 
li. Si 6«W-^"A/D3>'*— * 9 bO>rj>.xb-^ 

9 0^aA^^St-7'c^>=f-7S?)fS'r^>o 

,»<U - * 9 0 G>ti&im»t& 4 H©A ? 9 S 5 
1, S5 2. S53, S5 4#4ii*4?*&tWl#' 

fflljtt*, 1 "5©a>M/-^9 OOHMdl'W U-< 
.■U©t&&, 4ii^^ ? *CC^-Y i' 5 1 . S5 4riM" 
>U. A4??S52 P S53#*?-ir& 0 iSK. 
0>r3 > .» ? - * 9 0 <D ffi /5# D - U^KZ>ig^ . 4 & * 

5 2, S5 3#4 > >'?*« 

[0 20 2 ] -*:**A/D:a>;f-$9 b«DttAM>n>^ 
U- £9 OCDili/jU^^^itLV-C^CC'X^ ^ S 5 
1, S5 2. S5 3, S5 4*M->*?flffU WASS 
^Nl 1 i, N 1 1 2 CC^JEfliJE/j^E V DA ( + > 

[ o 2 o 3 1 c c x\ sraiaw&msEv r t 3 ti&m 

fiffl«ISEVRB3i«>ettV ! Nd-o /4^l§^$ 
^m^E^(Hi&9 60a^^S3O, S 3 1 

2Q &*?<»mi*t£& % 7.'^^ ( 'M^^iiViN B .a/ 

8Ui. ^^ ^*S3 0, S3 l^^>ccf ^i. 7 

l/'C. D/A3>'<-* 1 0 bT'ii. ^.'UXif— 

US t 2 fS i *J ^ ^ ^> C £ &X* & & a 
[02041 01 8\Zm3CDTr&y-Tt>$>l'&M\3 
m 1 ich W&ifc|Sjg*aHRS 1 4 a <olifi£^ 1 Of?iJ^^ 

[ 0 2 0 5 1 0 18 cr>|C9ci««SiElS 1 4 a it, 
Bl 30, SSiBtt««*0S»l 3 1. 13 2. ^>7^ 
30 >1fl 3 3, 1 34^^^^-^ ?^1 3 5-1 3 8&S 

[ o 2 0 6] m&&m& i 3 o ©seA^^tsteffl 

1 3 2*%*Snt(,»4. Sfc. «fl**iS 1 3 0 

©SSWj^tcAAsHi or 3 >?'>"^ I 3 3tftf 

40 3 4#g^l£*VtC'£o 

[02071 0 3©aM^*i«IlSR 1 1 *&IB*3 il*iE 
iRiJr-^D ^S^SSV o ( + ) iJj:^D/A^>^-^ 
lOb^&ffl^sn&seiiEWEBASEVDA f + > a* 

■c-r^en^-Y i 3 5. i 3 6^^n:2>f^i 

n^MT^n^iij^^EVo <-> iaJ:CXD/Aa> 

1 0 ba^6EBAdfl«KikjEMaU7«EV DA 
(-) ^n^tl^-V 1 37. l3 8«:/rl/T2> 
1 3 4(^x6ni, iflMMS 1 3 0©5E(SA 
50 WS^f, SSU^S^, tfEteA^^fcJ^tfEftffl 
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wrm, <t-*venx-<??i 39. 140. mi, 

[ 0 2 0 8 3 0 1 6 4>ft&*M@S& 1 4 a G>«OT«, Bl 
4 CDMJMMEIG8 1 1 a<2B^<i;lsJ^e£>&o 

{+ > fed: omhut f a $rAjfj@EV in {-) 

1 0 2 0 91 CCT?, &£lStt«Jtf*.@3t 13 1- 13 

2 CB«fifi&W 0 J: *J. i!ptf**i<g[ei8S 1 4 

-raw?**. 

[02111019 OKSMNBB Mali, i=^<@ 
SI 30, 3>f>f 1 39, 1 4 0. ^flit&JOft* 
t^BS 14 1, 1 4 2*5J:0 £ *-f ? ^1 35-1 4 O&d 
if. 

[0212] iPH5i£<igg§ i 3 0 a>KCAAflHF&SKffl 

IflK? -f - |=v< It =2 1 4 OstfMft 

dtl-CC'^. *fc, SttWHB 1 3 0 tD&mJtjjffifrlC 
A^3ggi UCgSfttoO^llSS 1 4 i #jwsn, 

[0213] @34>SW*flin@S& 1 1 J)>h&?)2fth±. 
1 Ob^^ffl^^n&^EiSUffiASEVDA ( + ) # 

<-nenA^^i35, 1 3 e&^ur^aawjtf 

&|giB814 1 IC^jLhftZ, Sfc, i8£5*g«gg|B8 1 1* 

5ai*&n&.m«r^oyffiAsEVo <-> te«fcexD 
vda {-> ^-en-en^w ? ^ 1 3 7. i3 8£/ri/ 

■rtSMWMJM*.l@S&l 4 2tc#£6*i&<> $£?i0(eS 

fc^owrosai*^!*. *n-en* ^^139, i 

4 0, 1 4 1, 1 4 2*fl"0r*£ii&3*VC^&. 
[0214] 13 1 9 (0#£|S4g<BlElSS l 4 a (WttfftS, @ 

5 (JC-iS^<Bil88 1 1 a4>MfE£Bltt'C*&. «IS^« 

S:6C:'PSS4^^5ni>iE^Jr^p^A^^SV i n 
<+ > fcJ:LKftff?]T:f P^AJJSIV in {-) *W& 

[0215] CCT\ $£1iltt*3#%B8 141, 14 

a ®$J«§*toO C £jPC* 
[0216] ±iflC[>SEteco^ft<OX^ ^Sa, SI 
a, S2a, S24. S25, S26, S28, S2 
9, S3 0. S3 Hi, mifMOS <M»M»4*« 



8 ) 4M2 0 0 3- 1 88727 

34 

[0217] ±saftft«cwtf a cit. wo o 

or^-f^S a, Sla, S2a, S24. 
S25, S26, S28, S29, S30, S 3 1 &JH 

*Sa, Sla, S2a, S24, S25, S26, S 
2 8, S2 9, S3 0, S 3 1 £*>2fcti*?£to0 

mat*, mtf, i/ci/--? 

[ 0 2 1 8 ] m 2 0 titoO £*»&»©fl£?nT[siS&EI 
T'&£ 0 @2O©0I"CW:. @6<PSfgrt8*SllS&l latf> 
;W ;>^Sa<C'ttfc>OtCfc XF a £)^t j T<<>-£o b 

tfflc^rj&Kr-s^s^c^oai^Mi^ssi 1 aof«j 

20 [02 19] H2 1 fej:^^2 2t±^0#^^5^tci 

[022 0 ] ns&mi&c 5 0 o tc^r, TS^PL 

Ml, LM2K«fcO 3>^->^a>StE5 0 1 . 5 0 2** 

flwsnr^a. *fc, twwlmi^jjijmso 

7, 50 8W^nu^o S±JS#lelUM 
cc«J:0. ffl8Mrc«&5 12, 5 1 3**^3 ftA^ 
9f£MB'CfiHi5 14,51 5JWR&£trCl*&. 

5 o i j*aa-*-j15 o srtco^m^/rorsfiis i 

30 2«£fttt$n. SS5 0 2<*XJl>-*-.PU5 Q4f*<0£l 

m*ftux&&5 1 4tc»^sn-c<r^o sfc. as 5 

0 7ttAJU-*-A5 0 5Pi(D^P?:^l/t:^Si5 1 2 
tclg^^n, SS35 0 8i**A-*-*5 0 6rt©^P 

[022 1 ] Wit«, 5 0 7 J*@6©ia#*<BS 1 1 0 

(WECTJjsg^ecttttsn. eS5 o siseoaQMa 

[0222] SB5 0 1. 5 0 2 cc J: DSBflMMC 5 
0 0*W«Stl. SS5 12. 5 1 3IH«IJ:CXM5 1 
40 4, 5 1 5nK.fcij-*x*WJ#*8OTSW*s*fte*l 
^5£5n^>o tfMPJft^ci ? i?C 5 0 0 It. ft%tXHI6 

[0223] MfiflrK. i?toO^^^MSW±tCS 

gt*^^x^©^^->$:^M^^Citc:J:0. SS5 
12, 5 1 3M49J:CXffiE5 14,51 SHfirMtWQB 

[O224]02 1K*TJ;^«. Sfi5l2, 513 
M4dcfc^SS5 14. 5 1 5fflicia±»&JSUMB:j:0 
£6195 1 0, 5 1 1 *iPfi£SnA«fc^tt^A^*Jlt' 
50 &C<LCCJ:0. aS 5 1 2, 5 13^0^51 
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4, 5 1 Smzmfc?ZC£&VZZ. 
1 0 2 2 5 J Hi 2 2 K*rT <*: ^ td, ^fi<5 1 2 . 5 ! 3 
BteJ:tfett5 14. 5 1 5HtC:BLtPB£JaUM«: J: 0 

0. ®65 1 2. 5 1 3pf5*5J:t>*^fls5 14,51 5H 
[ 0 2 2 6 ] 02 1 **J:tfB2 2<Z>W"Cii, fiBffilttAB 

W £ C i cc J: 0 . ^Si£fi£i§[iC 5 0 0 W»8*> & 
[0227] di), *»!«*, ±12^ffi<D©SK^P^d 

ft? *A $r— Jl* U^MTTM^A/D a - £ 
J: ZtW) Rj&ft 7 JU * A i" > t >J 5r 1W D/A 
r2>,"C-£<z>5 *>;J>ft< <tib 1 o*ffii»r *><U>. 
[Bffi<9fi»ft3ffl] 

[HI] *#M8«W 1 (DXiSO^flSte^W*'*^ zt? 4 

[02] aiflDT^oy-^^juawaHSr^ti^n 
[ia 3] ^Hm<om2o>0M<f>^mic^ti^u^4 

B*C*& 0 

[B4]Bi®7:fa^- *v*jUJ6*BH«<:*k**SI 

[06] »IWW»€Wt(*«ftHWl(IJ«©S I ©fllft 
[@7] mWHB«MfMftBHMfi>S 2 

[08 ] ST»ifli«@SSOai*WftB5afli.«^3 ©AS: 

ntrBBBrft*. 
[09] »#iflia@BO^1*fl^ftiaBaflW0[>S40!H««: 

tSTBSSB 

[0io] awifl*aaa©AftWftBwii.^si5©« 
**mieibb-c**- 

[0ii] m^wiBmjifMftBiMija^aoM 
sot-tbssb-c**. 

[0 1 2 ] a i ©rtoy-fs>***iffl8Bfc^4 

3>^<-^fl>««Ea>Sr 1 ©ffll&mf BKBT 
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36 

[B 1 3 ] Bl 2<01?"7 f A/'D=2>,'<-^tC^»6nS 

2>;su-^ OflM&jfrr BHB "C* £• 

[0 1 4 ] 13 1 CDr^oy-r^^^KftBSS^^W* 
^?'A/Da>/<^*^ffi^S2®llfl&SrBB8B , r 

[0 1 5 ] B 1 4<W^A/Da>;<-$K:Jiic»6*l* 

[016] B3©T*oy-f e s>*Jl'i8ftBH£fctt& 
2l8S©BKJ*©1^A / D a >m- *<DBHB'C& 

10 

[017] B3©T^P ^**(SHUaWefcW , & 
2aS«^Brt®D/A=s>^<--^0DBSSBr*-S. 

[018] B3©r*o^-f c v*WBftBWej*w& 
WiWIBQKDMIAMi 1 ©B&5rrBBB"C*£. 
[019] B3©T^ay-? c s***jHftB»*eJW'& 

[020] m r J^^^<om*}^^m<o(iko>m^^m 

SSB'CA&o 

[02 1 ] ^0^^©^0#x.SliC'$fE>tCfte^ 
20 ^T¥MBfc£a c &WB*CA& 0 

[022] toD^A^^*iOO#^|i©S&tci&©«€r 

[02 3 3 U%<0T*vy-Tl>$fr&$m^tt'?'7 

[024] B 2 3 COT fV £ *XffeBR8CiUt 

Wl@BKD^€^BBB*J:CX*©BIMB*aBBW> 

sot t srar £ WSU^o 

[02 5] m2, ZQ>T?vP-T*SZ>\>&&mi&tZ**1>' 

rwv*&n**?'A/'Dsi>'<'-*©iiW*wTB"c i * 

30 

[02 6 ] BByMx:/ K A A *i £ tfi' > > K 

B % CA&« 

i ar-^#jUJBlBaB 
3-6 if£g- 4 

9. 9a, 9b t^A/D2>^-^ 

10. 10b D/Aa^<-* 

11. 13. 13a WB4KIBB 
40 1 2 HS9BB8 

14. 14a i^^*IIslBS 

VRT, VRT2, VRT3 iSHSffiBSitftilE 

VRB. V R B 2, VRB3 «S^i4»ISmsE 

VRT1 ^bs&see 

Sa, Sla. Sli), S24. S25, S26. S2 
6. S2 8, S 2 9. S3 0, S3 1 
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[ 0 2 2 5 ] 0 2 2 ICS** J: ^ tC, 12, 513 

EUd«fcO'@g5 14. 5 1 5fflKia±©SJSUM*cJ:»J 

0. ®B5 12, 5 1 3BtoJ:O^S*5 14,51 5fe1 

[0226)021 *3J:tf02 2<Ot?lJ'Cii, SSW^B 

C 5 i) 0 (DmJjVM^fc ^x^^n^tim 
VtZ C t tc J: 9 . SfiStiMC 5 0 0 £8W*»S*> £ 

^^^i o s&rr c t *<> io 

U V b > WfttW* A / D 2 

[0E<9?i^£l^] 

[@ i ] -*§m<om i <ogKWoett«:w&/f •/ << 

[02] mi<D7ray-Ftf9ii&tomn&*Mti 
[03] *»w©M2fl?*liaco®fls«:4aw&'<^^^ 

tMMBBaWOttADV 1 <0ffl*:iWBB8B'C<fc£. 
[05] ■ lQ7^P?-^3>*JUXMEBCCfetf6tt 30 

[06] mwm®m<vM<\*w*mvmf%v>n 1 

[08] «*e«@WWAi*WttEIII5w.^«>^3 

[09] mmmm&<»&\*ftvmfomf&v>m4 <om& 
[0io] m*i%^n<oRtbmtm*mm>m$<D& 40 

[011] »|SiS*il@SS©^^tt!mK».^<0^6C9^ 

[0 1 2 ] a 1 07? p?-ri'*ji'£iMBEreJ*tt* 



4£B32 0 0 3- 1 8 S 7 2 7 
36 

[0131^1 2Cr>^A/D=2>.'<-^CC^(,^n& 
[0 1 4 ] (3 1 <D7?&?-7 : i>$&&&M3&&te1>1& 

[■ l 5] ■ l 4fl>^A/Da>- , <-^K:Jlc>6n& 
[01 6] ^ZfO?1rv9-7V*A,1&RWC*M* 

2 n BflMHHWoi?^ a /D3>m- *<wgss0*cfc 

[017] B3©7*P^-ri>*>MWffiHK:fctt& 
2 13 B<0BSKJ*1© D/A3>M-$ ©B%B "C&& a 
[018] m3<DT7B?-7l'$*V£&mniZtettZ> 

[019] B3®7^P^-'5 F ^*il'«ftlElSBK:feW& 
m4(IBB^IIhXflM2 ^«^BEM^£. 

[020] WOS;l^irattO«;iS®&fl>0f£^E 
EHB*CA<&» 

[02 i ] toD^^©^0#^gp©$^tv:flycC'«l* 

[022] ^n^mow^^m<o^h^m<o^ 

[02 3] «*CE>7^P*'-'J c y*iH8ftB»ft5W^' 
[02 4] S|2 3<D7^o^-^3f^a&lilBS«:'^ 

[02 5] a 2 3<^r^n^-r^»^ia:felE]BSiCfe^ 

[026 ] sgimx^ h"AA*5«*:E^'> 50Ux> K 
A/J £ W £ 7 P ST - *> tt&m * Z tctb<J> 

3^8 lS!@-4^:gCC'I5K& 

9, 9a, 9b t^A/D2>M-^ 

10, 1 0 b D/A2>/<-$ 

11, i3. i3a m&wm& 

1 2 ^@BS 

14, 14a i$#i£f&!siB8 

VRT, VRT2. VRT3 TSVS&ffl£mm± 

VRB. VRB2. VRB3 fi^ftflPJ&m^E 

v R T l qi^Sit^S 

Sa, Sla, SI I), S24. S25, S26. S2 
6, S28. S29. S30. S31 
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